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Disclaimer and Limitation 

 

This document is published in accordance with and subject to an agreement between Essential 

Environmental and the Client, City of Bayswater, for who it has been prepared for their exclusive use. It has 

been prepared using the standard of skill and care ordinarily exercised by environmental professionals in 

the preparation of such Documents. 

This report is a qualitative assessment only, based on the scope of services defined by the Client, 

budgetary and time constraints imposed by the Client, the information supplied by the Client (and its 

agents), and the method consistent with the preceding. Essential Environmental has not attempted to 

verify the accuracy or completeness of the information supplied. 

Any person or organisation that relies upon or uses the document for purposes or reasons other than those 

agreed by Essential Environmental and the Client without first obtaining the prior written consent of 

Essential Environmental, does so entirely at their own risk and Essential Environmental, denies all liability in 

tort, contract or otherwise for any loss, damage or injury of any kind whatsoever (whether in negligence or 

otherwise) that may be suffered as a consequence of relying on this Document for any purpose other than 

that agreed with the Client. 

Copying of this report or parts of this report is not permitted without the authorisation of the Client or 

Essential Environmental. 
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EXECUTIVE SUMMARY 

Water quality issues at Lake Bungana, Lake Brearley, and Brickworks Lake at Peninsula Estate, 

Maylands have led to the occurrence of persistent algal blooms, most recently since 2014, 

ongoing into 2016.  Significant community concern regarding both the public and 

environmental health of these lakes led the City of Bayswater to engage Essential 

Environmental to review the results of the City’s 2015-2016 lake monitoring program in order to 

determine the cause of these issues.  Essential Environmental has also assessed and 

recommended a number of short term and long-term management options in response to this 

review to improve the water quality and environmental health of the lakes, and prevent the 

occurrence of algal blooms in the future. 

A review of one year of monitoring results revealed the following: 

• Water quality at Brickworks Lake was good, with nutrient levels below water quality 

guidelines. No further management is recommended at this lake. 

• Nitrogen concentrations in both Lake Bungana and Lake Brearley were greater than 

water quality guidelines during the majority of the monitoring program, with spikes 

correlating with winter rainfall. 

• Phosphorus concentrations in both Lake Bungana and Lake Brearley were generally 

less than water quality guidelines at most sites during the monitoring program. A 

notable exception occurred during and immediately after winter rains when 

Phosphorus levels spiked in the south west of Lake Brearley, and north and south inlets 

of Lake Bungana. 

• Lake sediments contained relatively high levels of nutrient, potentially available for 

release into the water column. 

• Stormwater runoff and sediments were identified as key sources of nutrients 

contributing to algal blooms. 

• Current physical and biological characteristics of the lakes (shape, poor 

circulation/mixing in shallow areas and ‘dead zones’, hard walls, and sparse riparian 

vegetation) are also major contributors to poor water quality of the lakes resulting in 

algal blooms. 

Based upon an assessment of the effectiveness of water quality management processes, 

capital costs and maintenance, the following short-term and long-term management options 

have been recommended to address water quality issues at the Maylands lakes (at Lake 

Bungana and Lake Brearley): 

Short-term management Estimated costs Long-term management Estimated costs 

Revegetation program $144,000 Dredging of Lake Bungana 

and Lake Brearley 

(including detailed 

bathymetric survey) 

$1,000,000 

Physical removal of algae 

(if blooms still present at 

end of 2016 winter period) 

$10,000-$20,000 Installation of floating 

wetlands 

$1,500,000 

Phosphorus inactivation 

product application 

$80,000 Installation solar submersible 

pumps 

$100,000-$150,000 

Installation of bat boxes $500 Modification of lake shape $200,000-$500,000 

Detailed design $60,000 Community education $10,000 

 ~$300,000  ~$3,000,000 
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1 INTRODUCTION 

Water quality issues at Lake Bungana, Lake Brearley, and a small irrigation lake located near 

the old brickworks (named Brickworks Lake in this report) at Peninsula Estate, Maylands have 

led to the occurrence of algal blooms since 2007.  Persistent blooms have most recently 

occurred since the summer of 2014, ongoing into 2016.  A community meeting attended by 

more than 80 local residents in April 2016 demonstrated the significant community concern 

regarding both the public and environmental health of these lakes (Bell, 2016). This led the City 

of Bayswater to engage Essential Environmental to review the City’s lake monitoring program, 

and associated results, in order to determine the cause of these issues.  Essential Environmental 

has also assessed and recommended a number of short term and long-term management 

options in response to this review to improve the water quality and environmental health of the 

lakes, and prevent the occurrence of algal blooms in the future. 

This project was undertaken in two stages: Stage 1 involved an evaluation of the City of 

Bayswater’s 2015/2016 sampling and analysis plan, assessment of available water and 

sediment quality data from the first half of the 2015/2016 monitoring program, and desktop 

review of other available background information relating to the environmental characteristics 

of the Lake Bungana, Lake Brearley and Brickworks Lake system at Peninsula Estate, Maylands.  

On the basis of this review, Essential Environmental proposed a number of amendments to the 

remainder of the 2015/2016 monitoring program at Lake Bungana, Lake Brearley and 

Brickworks Lake in order to better understand the source of water quality issues within the lake 

system.  This included the collection of additional water and sediment samples, as well as 

climate, biological and park maintenance information.  These amendments were incorporated 

into an updated version of the Sampling and Analysis Plan for the Lake Bungana, Lake Brearley 

and Brickworks Lake Water and Sediment Quality Investigation 2015/2016 by the City of 

Bayswater.  Further details regarding these amendments are presented in section 3 of this 

report. 

Stage 2 of the project was undertaken following the completion of the 2015/2016 monitoring 

program.  It included the assessment of monitoring program results, and identification and 

analysis of water quality management options, which are presented in this report.  Options 

have been analysed for: 

• Short term or long term effectiveness; 

• Nutrient reduction process (i.e. defining nutrients targeted for removal and method 

of removal – physical, chemical or biological); 

• Capital investment / upfront construction costs; and 

• Monitoring and maintenance requirements. 

A final set of recommended short-term and long-term water quality management options for 

Lake Bungana, Lake Brearley and Brickworks Lake are also presented. 
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2 SITE CHARACTERISTICS 

Lake Bungana, Lake Brearley and Brickworks Lake are located on the Maylands Peninsula, in 

close proximity to the Swan River and approximately 5 km east of the Perth CBD.  The lakes 

were modified and rehabilitated as part of the Peninsula Estate residential development in the 

late 1990s. 

2.1.1 Land use 

The Peninsula Estate area surrounding Lake Bungana, Lake Brearley and Brickworks Lake, is 

comprised primarily of residential properties and public open space (see Figure 1).  The 

Maylands Peninsula Golf Course and Maylands Police Complex, including horse training area, 

stables and paddocks, are located directly west of the Lakes.   Currently ten horses are stabled 

on rotation at the complex (pers. comm. Maylands Police Complex, 19th August 2016). 

Lake Bungana and Lake Brearley were historically the location of clay pits used to provide clay 

for the nearby Maylands Brickworks which operated from 1927 to 1984, and is now a registered 

heritage site (BK Masters and Associates, 1989).  Following damage to an unsafe kiln and stack 

after the 1986 Meckering earthquake, some of the old brickworks structures were demolished 

and rubble was placed in the claypits.  Inert rubbish, including construction rubble, scrap 

metal, plastics, sand, bricks and old electrical equipment, was also dumped at the claypits at 

this time. 

After decommissioning, the clay pits were allowed to naturally fill from 1986 onwards, with 

water beginning the formation of these lakes.  The Environmental Protection Authority (EPA) 

classified the claypits as modified wetlands whose existing wetland function was to be 

retained.  However, they were not classified as Geomorphic Wetlands (Conservation Category, 

Resource Enhancement, nor Multiple Use) by the Department of Parks and Wildlife   

The Maylands Police Complex and Maylands Peninsula Golf Course were the original site of the 

Maylands Aerodrome between 1923 and 1963, Perth’s first official airport and used by the 

Royal Australian Air Force during World War Two.  The golf course was also a rubbish disposal 

site prior to development.  While discharge from the golf course and police complex used to 

be directed into the claypits, the golf course manages its own drainage onsite via 

compensating basins, while the police complex utilises a pipe network which is directed to a 

sump directly south of the complex and adjacent to the Swan River (pers. comm. Eddie Krook, 

Maylands Police Complex land and buildings services, 28th July 2016). 

2.1.2 Topography and geotechnical characteristics 

The area surrounding the lakes system is relatively low lying and flat with land to the east of the 

lakes only reaching an elevation of 4 m AHD, and approximately 6 m AHD to the west of the 

lakes at the golf course.  Topography is shown on Figure 1. 

The surface geology of the lakes and adjacent land is classified by the Geological Survey of 

WA (Jordan, 1986) as Ms2 sandy silt.  It is described as part of Guildford Formation geological 

unit; lenses of fine sand irregularly layered with clay content of alluvial origin which hardens 

when dry and low permeability.  For this reason it has historically been used as a resource for 

brick, pipe and tile manufacture.  This soil type is confined to the floodplains of the Swan River.   

In comparison, the adjacent Maylands Peninsula Golf Course and a large proportion of the 

Maylands Police Complex are situated on highly permeable Bassendean Sand, and classified 

as S8.  
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Acid Sulfate Soil risk within most of the Maylands Peninsula, including the lakes and surrounds is 

classified as high to moderate within 3 m of the surface.  

2.1.3 Drainage and hydrology 

Lake Bungana, Lake Brearley and Brickworks Lake are hydraulically-connected.  The lakes were 

filled with water from the Swan River in 1998, as part of their reconstruction associated with the 

Peninsula Estate development (JDA. 2002).   

The total catchment area of the lakes system is approximately 50 ha.  Each is characterised as 

follows: 

Brickworks Lake  

This lake is the most upstream water body and also functions as an irrigation lake for nearby 

POS.  A groundwater bore (PD1) located east of the lake is used to abstract groundwater from 

the Perth - Superficial Swan aquifer for top up of Brickworks Lake (Plate 1).   Water required to 

irrigate public open space is pumped from this lake.  A small vegetated open channel 

discharges into the lake from the north, which appears to be connected to piped street 

drainage from upstream (Plate 2).  The channel was modified from a broad creek in 

September 2001 by Satterley Property Group to improve water flow into the lake and thus 

water quality after a number of algal blooms occurred in 2000.  An application of Phoslock was 

also undertaken at the lake in 2007 following a severe algal bloom, and no major algal growth 

has occurred since (pers. comm. Rebecca Ferguson, City of Bayswater, 3rd March 2016). 

One stormwater inlet also discharges into the lake in the west (BW2).  The lake is mostly 

surrounded by trees with floating vegetation covering a large area of it surface.  The majority 

of the lake edge is comprised of naturally graded sediment and vegetation, and a small 

length is comprised of a small vertical limestone wall.  An aerator for mixing and oxygenation is 

located in the centre (Plate 3). It is 0.5 ha in area.  

Lake Bungana 

This lake is downstream of Brickworks Lake and upstream of Lake Brearley.  It receives overflow 

from Brickworks Lake via a vegetated open channel discharging into the northern end of the 

lake (see Figure 1 and Plate X).  An aerator is located in the north eastern corner of the lake, 

but has not been in operation since the end of 2014 due to health and safety concerns relating 

to algal blooms.  The lake is kidney shaped as a result of a block of houses extending into the 

lake.  Two small vegetated islands are located in the northern area of the lake.  Two 

stormwater inlets are located in the north of the lake (BU2 and BU5) and one inlet in the south 

east of the lake (BU6). The majority of the eastern edge is comprised of a large vertical 

limestone wall directly adjacent to grassed POS or residential properties.  In contrast, the 

western side of the lake is lined by 20-40 m of trees and undergrowth, with patches of reeds 

alternating with sparsely vegetated sand beaches along the water’s edge.   

Lake Bungana is 6 ha in size. A basic point survey of the bathymetry of the lake undertaken by 

the City indicates that the lake reaches depths of almost 5 m, and the water level in Lake 

Bungana is approximately 0.7 m lower than Brickworks Lake (Appendix 1).  However, given the 

lack of detail it is not possible to confirm the maximum depth, nor the variation in depth across 

the lake. 
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Lake Brearley 

This is the largest of the three lakes and the final receiving water body is 9.6 ha in size.  A culvert 

comprised of a single PVC pipe connects the southern end of Lake Bungana to the northern 

end of Lake Brearley (Plate 4).  In addition, five stormwater inlets discharge runoff into the lake 

in the east (BR4), south (BR5 and BR6) and west (BR7 and BR8).  An aerator is located in the 

south eastern corner of the lake, but has not been in operation since the end of 2014 due to 

health and safety concerns relating to algal blooms.  Three small vegetated islands are 

located in the north and central area of the lake.  The shape of the lake is defined by the 

surrounding residential development, including an extension into the south of the lake, creating 

three distinct areas within it.  Similarly to Lake Bungana, the majority of the eastern and 

southern edge of the lake is comprised of a large vertical limestone wall directly adjacent to 

grassed POS or residential properties. Part of the western and most northern side of the lake, as 

well as small areas of the eastern side of the lake, is lined by 10-30 m of trees with mostly 

sparsely vegetated sand beaches along the water’s edge. 

The catchment area contributing to the lakes system is presented in Figure 1.  The catchment 

was delineated based on stormwater infrastructure mapping available on the City of 

Bayswater’s public online mapping website (City of Bayswater, 2016), and available 

topographic contours.  This data indicates that the golf course and police complex are not 

directly connected to the lakes system, but manage their drainage via a combination on-site 

infiltration, surface water runoff discharging into a series of internal stormwater retention basins, 

and overflow west and south into the Swan River during large events.  The stormwater 

infrastructure data set was not available for GIS analysis as it is currently being updated (pers. 

comm. Rod Woodford, Manager Geographic Services, City of Bayswater 26th July 2016).  

Therefore the catchment defined for the purposes of this report is an approximation only. 

All lakes receive direct rainfall and surface runoff from the surrounding catchment, which 

includes stormwater generated from road reserves and residential properties, as well as a small 

portion of the eastern area of the golf course (Figure 1).  Approximately 300 residential houses 

are located within the lakes 50 ha catchment, however, the number of direct connections to 

the stormwater drainage network is unknown. 

Road reserve and lot runoff is discharged directly into the lakes via a series of concrete piped 

inlets around the edge of the lakes, as shown in Plate 5.  Lake Brearley overflows into Swan 

River via a culvert during large rain events.  The Swan River is approximately 200 m from Lake 

Brearley at its closest point. 

A basic point survey of the bathymetry of the lake undertaken by the City indicates that the 

lake reaches depths of over 5 m, and the water level in Lake Brearley is equal to that of Lake 

Bungana (Appendix 1).  This suggests that the lakes are only hydraulically connected in very 

large storm events, when water levels in Lake Bungana reach a height great enough to flow 

into the PVC pipe which discharges into Lake Brearley, and water subsequently overflows into 

the Swan River.  Similarly to Lake Bungana, it is not possible to confirm the maximum depth, nor 

the variation in depth across Lake Brearley. 
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Plate 1: Brickworks Lake; groundwater is pumped into the lake, shown in the foreground 

  

Plate 2: Open drain north of Brickworks Lake discharging into the lake 

 

Plate 3: Brickworks Lake; aerator in the centre 
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Plate 4: Pipe discharging into Lake Brearley from Lake Bungana 

 

Plate 5: Concrete pipe designed to discharge stormwater collected from the road reserve into 

Lake Brearley 

A Peninsula Estate Water Management Plan was prepared by JDA in 1998 and expected to 

provide additional information on the drainage and hydrology of the lakes, however, this 

document was not available. 

2.1.4 Groundwater 

The lakes system and surrounding development is underlain by a shallow, unconfined aquifer, 

the Perth - Superficial Swan.  Fresh groundwater occurs as a perched mound within sandy 

lenses and layers of the Guildford Formation, and is recharged by direct rainfall and 

groundwater throughflow from upgradient areas.  The fresh groundwater mound overlies more 

saline groundwater directly connected to the Swan River.  Local groundwater flows towards 

the river, and overall regional groundwater flows in a westerly direction towards the ocean. 

A groundwater bore was installed to the east of Brickworks Lake (PD1 - Figure 1) in 1997 for the 

purposes of irrigation of POS via storage within the lake.  The bore was drilled to a depth of 24 
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m within the Perth-Superficial Swan aquifer and the City currently maintains a groundwater 

licence for 411,200 kL/year from this aquifer (DoW, 2016a). 

Groundwater monitoring of the Brickwork Lakes production bore (PD1) undertaken by JDA 

(2003) indicates that groundwater levels between July 2002 and June 2003 varied between 

3.27 m AHD and 2.18 m AHD, representing a seasonal range of approximately 5 m, indicative 

of a semi-confined aquifer.  JDA noted that groundwater levels may be affected by other 

users, particularly the adjacent golf club.  No recent groundwater level data from the 

Maylands Peninsula area was available through the Department of Water’s Water Information 

Reporting database. 

JDA also measured salinity levels at bore PD1 between November 2002 and January 2003 to 

establish whether fresh groundwater was over-abstracted and saline intrusion was occurring.  

Salinity was found to occur in groundwater between 75 mg/L and 325 mg/L, confirming its fresh 

water status (<500 mg/L). Major component analysis (Ca, Mg, Na, K, CO3, Cl, SO4, Al, Fe, Mg, 

Mn, Si, TDS and Total Hardness) of one sample collected in December 2002 found all values to 

be less than Australian Drinking Water Guidelines (NHMRC, 2011), with the exception of iron 

(Fe).  In addition, pH of the sample was neutral (pH = 7.4) and nitrate (NO3-N) was found to be 

0.01 mg/L, and less than ANZECC guideline trigger values (2000). 

Groundwater quality data for three bores within 500 m of the lake system was available from 

the Department of Water’s Water Information Reporting database for one monitoring event in 

February 2006.  Nutrient levels in February 2006 were recorded as less than the ANZECC trigger 

values for lowland rivers with the exception of Total Phosphorus (TP = 0.15 mg/L) and Filterable 

Reactive Phosphorus (FRP = 0.097 mg/L) at WIN bore 23021203, and Total Nitrogen (TN = 2.3 

mg/L) at WIN bore 23021204.  More recently, nutrient concentrations measured at WIN bore 

23077969 in April 2016 by the City of Bayswater, adjacent to Brickworks Lake (PD1 in Figure 1), 

were found to be less than ANZECC guidelines (TN = 0.24 mg/L and TP = 0.064 mg/L). 

An environmental report on the Maylands claypits prepared in 1989 (BK Masters, 1989) suggests 

that there was evidence to show that in later years of clay excavation, the southern pit (Lake 

Brearley) was deepened sufficiently to penetrate through the clay horizon into the underlying 

sand lenses and thus creating a hydraulic connection between this lake and the Swan River.  

This is supported by the historic natural refilling of the lakes, and the level of salinity causing 

brackish conditions in Lake Brearley (described in more detail in section 4.1). 

2.1.5 Historical lake water quality 

Lake water quality has been monitored by the City of Bayswater since 2013, most recently on a 

monthly basis since July 2015 as a part of this investigation.  JDA also undertook water quality 

monitoring at Lake Bungana and Lake Brearley between January 1998 and March 2002, as 

part of the Peninsula Estate development. 

Historical lake water quality data collected by JDA (2003) between 1998 and 2002 indicates 

that after Lake Bungana and Lake Brearley were refilled with water from the Swan River in 1998, 

lake salinity decreased from an initial saline level of approximately 9,000 mg/L to a brackish 

level of 1,700 – 4,000 mg/L in 2002.  The gradual decrease in salinity is thought to be a result of 

fresh stormwater inflows and groundwater inputs from the production bore. 

pH levels in the lakes were found to be slightly basic in 2002 at 8.7 at Lake Bungana and 7.8 at 

Lake Brearley.  This is considered to be due to the alkalinity of seepage water from the Swan 

River, and the lime-bearing clay present in the original clay pits (BK Masters, 1989). 
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Total Nitrogen (TN) and Total Phosphorus (TP) concentrations at Lake Bungana (denoted North 

Lake in the JDA report) during this period varied between 0.8 and 4.2 mg/L TN, and <0.01 and 

0.11 mg/L TP, and generally seemed to decrease.  TN ANZECC guideline levels for lowland 

rivers were only exceeded on three occasions between 1998 and 1999, and TP ANZECC 

guideline levels were only exceeded once in 1999.  While initial nutrient concentrations at Lake 

Brearley (denoted South Lake in the JDA report) were higher than at Lake Bungana in 1998, 

with a maximum TN concentration of 5.1 mg/L and a maximum TP concentration of 0.13 mg/L, 

nutrient levels similarly decreased to a minimum TN and TP level of 0.7 mg/L and <0.01 mg/L, 

respectively. 

Two algal blooms were also noted by JDA (2003) as having occurred at Brickworks Lake 

(denoted Freshwater Lake in the JDA report) as a result of elevated nutrient concentrations in 

stormwater discharging from drainage inlets.   Remediation works at the inlet tributary to this 

lake were also noted as having prevented the occurrence of algal blooms after completion, 

however, no details as to these works were provided. 

2.1.6 Flora and fauna 

While kikuyu grass, road reserves and residential properties directly abut the majority of the 

eastern side of the lake system, a mix of exotic and native trees, shrubs and reeds border the 

lakes on their western side. 

While a vegetation survey has not been undertaken at the site, stands of paperbark trees 

(Melaleuca raphiophylla), flooded gums (Eucalyptus rudis), sheoak (Casuarina sp.) and mouse 

ears (Calothamnus rupestris) were some of the Australian native species (eastern states and 

local) observed within the vegetated areas around the lake during a site visit undertaken in 

February 2016.  In addition, small areas of native rushes and sedges were observed randomly 

located within the shoreline and riparian zone of Lake Bungana and Lake Brearley.  Floating 

vegetation (possibly the exotic species Bacopa monnieri (water hyssop) (pers. comm. 

Rebecca Ferguson, City of Bayswater, 9th August 2016)) was observed across the majority of 

the surface of Brickworks Lake during the site visit.  However, the species of the plant was not 

confirmed. 

As part of the Peninsula Estate development the lakes were established as wetlands to provide 

habitat for birdlife, frogs and insects.  As part of this process, native species were planted 

around the lake shoreline, where residential properties were not constructed, and on a number 

of small islands constructed in the northern end of Lake Bungana and Lake Brearley.  Given the 

historical land use of the site, very little of the existing native vegetation would be considered 

remnant (BK Masters 1989; JDA, 1996). 

Waterbirds comprise the majority of wildlife throughout the lake system.  These include ducks, 

swamp hens and cormorants amongst many others species observed during the February 2016 

site visit.  A family of geese are also known to inhabit and were observed at Lake Bungana.  

Swans have also been observed breeding and nesting at Brickworks Lake.  Available habitat 

along the western shoreline of the lakes and islands are the main nesting and feeding sites.  The 

lakes were also designed to provide tortoise habitat, and while rarer than bird sightings, oblong 

tortoises (Chelodina oblonga) have been sighted in Lake Brearley as have yellowtail trumpeter 

fish (pers. comm. Rebecca Ferguson, City of Bayswater, 18th March 2016). 

Mosquitoes are also part of the urban environment at Peninsula Estate with the potential to 

cause significant environmental problems and nuisances, and potentially transmit diseases to 

local residents and visitors.  Mosquitoes breed in habitats containing still water and high organic 

content, and in freshwater and brackish habitats such as wetlands, low-lying areas where 

inundation may persist following major rainfall events, and slow-flowing creeks and rivers (Webb 
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and Russell, 2011).  Therefore, the Maylands lakes and surrounding wetland vegetation provide 

potential habitat for mosquito populations.  Regular monitoring undertaken by the City has 

identified a number of mosquito species in and around the lakes, predominantly Aedes Vigilax, 

a summer salt marsh mosquito that can travel up to 3 km of local wetland breeding areas (City 

of Bayswater, 2013).  Mosquito monitoring and management is undertaken as per the City’s 

Mosquito Management Plan (2013). 

The City of Bayswater is part of the East Swan River Contiguous Local Authority Group (CLAG), 

which recognises a number of mosquito breeding sites within the City.  However, Brickworks 

Lake, Lake Bungana, and Lake Brearley are not considered to be part of the high risk breeding 

sites in the local government areas (City of Bayswater, 2013). 

Midges are small black non-biting flies (insect family Chironomidae) which can also cause a 

public nuisance around the Maylands Lakes area (pers. comm. Jeremy Maher, City of 

Bayswater, 19th August 2016).  They are often found in dense swarms and are attracted to light 

(white ultra violet light in particular), often creating a nuisance in residential areas near 

wetlands as a result (City of Armadale, 2009).  Unlike mosquitoes, they do not bite and are thus 

not vectors of disease.  The life cycle of midges occurs both in the water column of wetlands, 

where eggs are laid, and in bottom sediments, where aquatic larvae are hatched and live, 

feeding on organic matter.  Larvae grow into pupae which rise to the water surface and hatch 

into adult midges.  Bodies of water containing algae and are high in nutrients are ideal 

breeding grounds for midges (City of Armadale, 2009).  Midges can easily travel a few hundred 

metres from wetland breeding areas (Department of Health, 2016). 
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3 METHODOLOGY 

Significant community concern regarding the environmental health of the lakes at Peninsula 

Estate, Maylands led the City of Bayswater to develop a Lake Bungana, Lake Brearley and 

Brickworks Lake Water and Sediment Quality Investigation for 2015-2016.  A Sampling and 

Analysis Plan was developed by the City of Bayswater in conjunction with the Department of 

Water (Water Science Branch) as part of the 12 month investigation, with the objectives of: 

• Determining the water and sediment quality of Lake Bungana, Lake Brearley and 

Brickworks Lake Water based on previous environmental concerns; and 

• Completing follow up algal ID and counts at Lake Bungana, Lake Brearley and 

Brickworks Lake. 

The environmental concerns refer to historical algal blooms which occurred throughout the 

lake system in 2007, 2013 and 2014, resulting in reporting to the Department of Health in 2014 as 

a public health issue. 

Key components of the Sampling and Analysis Plan included: 

• eighteen (18) monitoring sites selected within Lake Bungana, Lake Brearley and 

Brickworks Lake, and at selected drain pipe inlets to the lakes (shown on Figure 1); 

• samples collected from each site were tested for nutrients, physical parameters and 

algae, as shown in Table 1 below; 

• water samples for nutrient analysis were collected monthly between July and October 

2015, and every two months thereafter; 

• water samples for algal analysis were collected quarterly beginning July 2015, plus an 

additional set of samples taken in January 2016; 

• monitoring sites located near the aerators at Lake Bungana (BU7) and Lake Brearley 

(BR9) were sampled for algal analysis on a more intensive monthly basis; and 

• sediment samples were initially scheduled to be taken only once in July 2015. 

Essential Environmental reviewed the Sampling and Analysis Plan and monitoring data 

collected over the first half of the investigation in February 2016.  The review also included a site 

visit with City of Bayswater Water Quality Projects officer Rebecca Ferguson, on 11th February 

2016 to inspect the lake system and surrounds, particularly the current sampling locations.  In 

addition, managers of the Maylands Golf Course and Maylands Police Complex and Horse 

Training Area were contacted for additional information. 

Based on information gained from this process, Essential Environmental made a series of 

recommendations to modify the existing program in order to better assess the likely cause/s of 

algal blooms within the lake system, and propose the most effective management options.  

Recommended modifications were as follows: 

• Including a control sample near the centre of Lake Bungana and Lake Brearley; 

• Collecting a one-off water sample from the groundwater production bore (PD1) next 

to Brickworks Lake for full nutrient analysis, to confirm whether groundwater is a 

potential contributor of nutrients or not; 

• Including an additional four water samples for nutrient analysis in each lake in a north-

south transect over two events, in order to obtain a snap shot of spatial variability in 

surface water; 

• Including an additional two samples at depth (0.5 m and 1 m) for nutrient analysis from 

two monitoring locations in each lake over two events, in order to understand variation 

in the water column; 
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• Collecting sediment samples for additional nutrient analysis at each location where 

water samples are also collected for nutrient analysis, and at two additional samples 

near the centre of each lake, over two events.  This was designed to understand 

whether nutrient concentrations in lake water are related to release of nutrients from 

sediment; 

• Recording lake turbidity at each monitoring site using a Secchi Disk to provide 

additional information as to the presence of suspended solids and clarity in the lake 

water column; 

• Recording observations of wind direction and rainfall data during all future monitoring 

events; 

• Recording observations of birdlife during all future monitoring events, in order to 

ascertain the potential of guano as a nutrient input to the lakes; 

• Undertaking an ecological survey including presence and diversity of invertebrates at 

the corner of Lake Bungana and Lake Brearley for one monitoring event to obtain an 

indication of their ecological health;  

• Collecting mosquito survey information to provide further information as to lake 

ecological health; 

• Obtaining information on maintenance of public open space around the lakes from 

the City to understand fertiliser use and disposal of grass clippings or other 

materials/rubbish; 

• Obtaining information on the design and operating regime of Brickworks Lake, Lake 

Bungana and Lake Brearley in order to understand management and/or changes in 

water levels and hydraulic connectivity; 

These recommendations were included in a modified version of the Sampling and Analysis Plan 

(presented in Appendix 2).  Additional monitoring was included as part of the sampling 

program from April 2016 until the program was completed in June 2016. 

Table 1 below summarises the 2015-2016 monitoring regime associated with the modified 

Sampling and Analysis Plan.  The locations of original and additional monitoring sites are 

presented in Figure 1. 
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Table 1 Brickworks Lake, Lake Bungara, and Lake Brearley monitoring regime 

Monitoring site Water - physical  

(pH, DO, EC, sal + temp) 

Water - 

nutrients (N + P) 

Sediment – 

nutrients (N + P) 

Algae 

Brickworks Lake     

BW1 X   X 

BW2 X X X*  

PD1* X* X*   

Lake Bungana     

BU1 X   X 

BU2 X X  X 

BU3 X   X 

BU4 X   X 

BU5 X X   

BU6 X X   

BU7 X   X 

BU8* X* X*   

BU9*, BU9-A*, 

BU9-B* 

X* X* X* X* 

BU10* X* X*   

BU11*, BU11-A*. 

BU11-B* 

X* X*   

Lake Brearley     

BR1 X   X 

BR2 X   X 

BR3 X   X 

BR4 X X X* X 

BR5 X X X*  

BR6 X X X*  

BR7 X X X*  

BR8 X X X*  

BR9 X   X 

BR10* X* X*   

BR11*, BR11-A*, 

BR11-B* 

X* X*   

BR12 X* X*   

BR13*, BR13-A*. 

BR13-B* 

X* X* X*  

*Additional monitoring sites and sampling undertaken from April 2016  
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4 RESULTS 

Lake water and sediment quality results collected by the City of Bayswater during the 

2015/2016 monitoring program, as well as results from brief monitoring undertaken in 2013 and 

2014, is presented in Appendix 3. 

Available water quality data collated has been compared against both ANZECC guidelines for 

lowland rivers (2000) and the Swan Canning Water Quality Improvement Plan (WQIP) targets 

(2009).  The Swan region water quality monitoring and evaluation classification system was also 

utilised for assessing Total Supended Solids, Dissolved Oxygen, and Electrical Conductivity as 

salinity (DoW, 2016b) Sediment quality data could not be assessed against these guidelines as 

nutrient targets were not available for sediment.   

An analysis of water and sediment quality results is presented below. 

4.1 Water quality 

4.1.1 Physical parameters 

Brickworks Lake was found to be consistently neutral and fresh in quality, similarly to water in the 

adjacent groundwater production bore.  In contrast, Lake Bungana was found to be both 

marginal (EC = ~0.9-1.4 mS/cm) and slightly basic (pH ~ 7-9) across most of the lake.  However, 

the inlet near Brickworks Lake (BU5) and the south of the lake (BU6) was more often fresh than 

marginal during the 2015 winter period.  Lake Brearley was also found to be slightly basic (pH 

~7-9) across the entire monitoring period, however, it was found to be more saline than Lake 

Bungana and classified as brackish (EC = 1-3.6 mS/cm) across the majority of the lake.  The 

higher salinity in Lake Brearley is likely to be due to a hydraulic connection to Swan River 

created when the lake was deepened during clay excavation, resulting in the penetration of 

the clay layer at this lake into the sand aquifer (BK Masters, 1989).  Sites BR4 and BR5 were 

generally found to be less saline (Fresh-Marginal) during the 2015 winter period and the 

beginning of the 2016 winter period.  This is likely to be a result of fresh stormwater inflows 

associated with these periods. 

Dissolved oxygen levels in the groundwater production bore and in Brickworks Lake were found 

to be very low during the majority of the monitoring program (Appendix 3).  Dissolved oxygen 

levels at monitoring sites around the edges and inlets of both Lake Bungana and Lake Brearley 

varied significantly (between very low to hyperoxic) over the course of the monitoring 

program.  The highest oxygen levels generally occurring over the 2015 winter period (July-

September 2015) and the lowest levels occurring in April 2016 at most sites at both lakes, with 

the exception of BR4, BR6 and BR7 in Lake Brearley.  When compared to the moderately 

oxygenated conditions recorded in the centre of the lake in April and June 2016, dissolved 

oxygen was lower at most lake edge sites.  However, site BU7 in Lake Bungana, and BR6, BR7, 

BR8 (in June 2016) and BR9 in Lake Brearley, were found to have similar oxygen levels. 

As expected, the highest surface water temperatures were measured during summer 

monitoring events (December 2015 and January 2016) at all monitoring sites. 

Secchi disk measurements provide a visual indication of the relative level of clarity in a water 

body.  Secchi depths recorded at central monitoring sites at Lake Bungana suggest that in 

April 2016 water clarity in the lake was significantly lower in the northern end of the lake (sites 

BU8 = 0.55 m and BU9 = 0.5 m), compared to the southern end (sites BU10 = 0.72 m and BU11 = 

1.07 m).  However, in June 2016 clarity was found to be similar across the lake, yet lower than at 

sites BU10 and BU11 in April (0.6 m).  In contrast, clarity at Lake Brearley was approximately 
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double that in April 2016 (0.8-1.0 m) compared to that measured in June 2016 (0.46-0.5 m), with 

little variability between sites. 

Total Suspended Solids (TSS) were classified as low in one-off samples taken from the 

production bore (2 mg/L), Brickworks Lake (4 mg/L) and site BU6 (5 mg/L) in Lake Bungana.  The 

remaining sites at Lake Bungana were classified as high (18-25 mg/L), whilst TSS levels in Lake 

Brearley were approximately half of those at Lake Bungana, and classified as moderate-high 

(9-14 mg/L). 

4.1.2 Nutrients 

Total Nitrogen and Total Phosphorus concentrations measured in groundwater sampled from 

the production bore in April 2016 were lower than both ANZECC trigger values and WQIP 

targets. 

Brickworks Lake was also found to have nutrient concentrations less than both ANZECC trigger 

values (TN = 1.2 mg/L and TP = 0.065 mg/L) and WQIP targets (TN = 1.0 mg/L and TP = 0.1 mg/L) 

during all monitoring events. 

In contrast, Total Nitrogen (TN) concentrations were greater than both the WQIP target (1.0 

mg/L) and ANZECC trigger value (1.2 mg/L) during most events at both Lake Bungana and 

Lake Brearley.  The highest TN concentrations occurred during the September 2015, April 2016, 

and June 2016 events at most monitoring sites (excluding anomalous results at BR7 and BR8 in 

August 2015).  The highest TN concentrations were recorded at site BU2 (3.0-3.1 mg/L) at Lake 

Bungana and at site BR8 at Lake Brearley (4.9-5.2 mg/L).  TN concentrations measured in the 

centre of Lake Bungana were slightly higher than at sites around the edge of the lake in April 

2016 (3.2-3.4 mg/L), and consistent from north to south.  Results were slightly lower, but still 

relatively high in June 2016 at these central sites (2.4-2.9 mg/L).   

Total oxidised nitrogen (NOx-N) and ammonia (NH3-N) concentrations exceeded the ANZECC 

trigger value (0.15 mg/L, and 0.08 mg/L, respectively) at Lake Bungana (BU1, BU2, BU5 and 

BU6).  Only NOx-N concentrations exceeded the ANZECC trigger value at Lake Brearley at 

monitoring sites BR4 and BR5.  At sites BU1, BU2, and BU6 (in October 2015) in Lake Bungana, 

organic nitrogen (TON/DON) comprised the majority of the total nitrogen (TN) present, whereas 

inorganic nitrogen (NOx-N and NH3-N) comprised approximately half or more of the TN at sites 

BU 5, and BU6 in July 2015.  However, TON comprised the majority of TN at most sites in Lake 

Brearley, with the exception of site BR4. 

Total Phosphorus (TP) concentrations were less than the WQIP target (0.1 mg/L) and ANZECC 

trigger value (0.065 mg/L) at the majority of sites at Lake Bungana during the entire monitoring 

period, with the exception of BU5, and one-off events at BU6, BU8 and BU9-A.  Where 

exceedances occurred, concentrations were only slightly higher and at different monitoring 

events (see Appendix 3).  Filterable Reactive Phosphorus (FRP) concentrations were less than 

the ANZECC trigger value (0.04 mg/L) and only comprised a minor proportion of TP across all 

sites and monitoring events. 

While TP concentrations in most sites in Lake Brearley were less than the WQIP target (0.1 mg/L) 

and ANZECC trigger value (0.065 mg/L), sites BR5, BR7 and BR8 experienced TP concentrations 

significantly higher than these values, particularly in August-September 2015.  However, similarly 

to Lake Bungana, FRP in Lake Brearley was less than the ANZECC trigger value (0.04 mg/L) and 

only comprised a minor proportion of TP at most sites and monitoring events, with the 

exception of a minor exceedance at BR5 in October 2015 (0.05 mg/L). 
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Very little significant variability in TN and TP was observed with depth and by north-south 

transect in both lakes.  This indicates that the lakes are reasonably well mixed in their central 

water mass, in comparison to the shallower, outer areas near the lake shorelines. 

The relationship between rainfall events and nutrient concentrations was also investigated to 

determine whether stormwater was contributing nutrients directly to the lakes over the 

monitoring period.  Nutrient concentrations and total monthly rainfall data obtained from the 

Bureau of Meteorology for Perth Metro bureau station no. 9225 were plotted for all sampled 

sites.  TN and rainfall are presented in Figure 2, and TP and rainfall are presented in Figure 3.   

 

Figure 2: Total Nitrogen and monthly rainfall at Maylands Lakes monitoring sites 

 

Figure 3: Total Phosphorus and monthly rainfall at Maylands Lakes monitoring sites 
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These graphs demonstrates that high winter rainfall (June – August 2015) correlates with spikes 

in nutrient levels, particularly at lake inlets BR7 and BR8 in the west of Lake Brearley, adjacent to 

the Maylands Police Complex.  Smaller spikes in TN were also observed at most other inlets with 

the exception of BW2 at Brickworks Lake.  Similarly, spikes were observed in TP after winter rains 

at inlets BR5, BU5 and BU6. 

Data for a number of specific monitoring sites where both nutrients and algal levels were 

recorded is also presented in Figure 4 - Figure 6 below. 

 

Figure 4: Rainfall, nutrient concentrations and algae levels at site BU2 

 

Figure 5: Rainfall, nutrient concentrations and algae levels at site BR3 / BR7 / BR8 
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Figure 6: Rainfall, nutrient concentrations and algae levels at site BR4 

Data presented in the figures above at both Lake Bungana and Lake Brearley also supports 

that a correlation exists between rainfall events and nutrient concentrations at a number of the 

lake inlets (BU2, BR7/BR8 and BR4). 

4.1.3 Algae 

Analysis of blue-green and toxic algae indicates that algae levels significantly exceeded the 

National Health and Medical Research Council (NHMRC, 2008) guideline levels for recreational 

water (>10 mm3/L blue green algae; (>4 mm3/L toxic algae) across most of Lake Bungana in 

January and April 2016, and throughout the majority of the monitoring program at site BU7 in 

the north of Lake Bungana (Appendix 3).  NHMRC guidelines levels were also exceeded across 

most of Lake Brearley in October 2015 and April 2016.  Exceedances also occurred over the 

summer period of 2015 (October-March), as well as in autumn and early winter of 2016 (May-

June).  The highest levels of blue-green algae and toxic algae in Lake Bungana (BU7) reached 

over 400 mm3/L in March 2016, more than 40 times the guideline level.  In Lake Brearley (BR1), 

algae levels reached over 270 mm3/L in April 2016, more than 200 times the guideline level.  

17 toxic species of cyanobacteria (blue-green algae) were recorded at the Maylands lakes 

over the course of the monitoring program, including Microcystis spp., and Raphidiopsis spp. 

No significant levels of algae were recorded in Brickworks Lake. 

Photographs showing the presence of algal blooms at Lake Bungana and Lake Brearley taken 

during the monitoring program are presented in Plate 6 and Plate 7 below.  
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Plate 6: Algae present at Lake Bungana BU7 – February 2016; Lake Bungana BU5 - May 2016 

(City of Bayswater) 

   

Plate 7: Algal blooms at Lake Brearley BR9 – August 2015; Lake Brearley BR3 – September 2015 

(Source: City of Bayswater) 

Any correlation between the occurrence of high levels of algae, and nutrients, temperature, or 

rainfall was examined at sites BU2, BR3, and BR4, where both algae and nutrients were tested 

for at the same location.  However, no obvious correlation between the presence of high levels 

of algae and potentially related factors linked to the causation of algal blooms was evident 

from the available data set.  Data presented in Figure 4 - Figure 6 demonstrates that algal 

growth may increase some time after a spike in nutrient levels.  However, this is not clearly 

shown and increases in algae levels may be attributed to a number of other conditions. 

4.2 Sediment quality 

The clayey sediments at the bottom of each lake at both inlet and central (Figure 1) were 

measured for TN and TP.  Significant and inconsistent variability in both TN and TP occurred 

between both sites, and monitoring events.   

TN content in Lake Bungana sediments ranged from <50 mg/kg at BU5 in June 2016 to 400 

mg/kg at BU9 in April 2016, while TP content ranged from 10 mg/kg at BU6 in April 2016 to 140 

mg/kg at BU9 in June 2016.  TN content in Lake Brearley sediments ranged from <50 mg/kg at 

BR8 in July 2015 to 620 mg/kg at BR7 in July 2015, while TP content ranged from 8 mg/kg at BR8 

in July 2015 to 60 mg/kg at BR13 in June 2016.  In comparison, nutrient content measured from 
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samples collected in Brickworks Lake was lower than that measured at most sites in Lakes 

Bungana and Laker Brearley, with TN content 180 mg/kg and TP content 16 mg/kg in April 2016. 

TN content was generally higher in April than June 2016 across most sites in both lakes. 

When comparing nutrient concentrations in water and sediments samples collected from the 

same monitoring sites during the same monitoring event, only a very weak correlation was 

observed as shown in data analysis presented in Appendix 3, with correlation coefficients 

varying between -0.27 and 0.63. 

4.3 Macroinvertebrates 

A macroinvertebrate survey was undertaken at Lake Bungana and Lake Brearley on 15th 

March 2016 in order to obtain an indication of the ecological health, biological activity and 

productivity of the lakes.  Results from the survey are presented in Appendix 4. 

Macroinvertebrate species and number were recorded at five sites; Brickworks Lake, BU1 and 

BU2 at Lake Bungana (equivalent to Bungana B and Bungana A), and BR3 and BR4 at Lake 

Brearley (equivalent to Brearley B and Brearley A).  The sites at Lake Bungana and Lake 

Brearley were chosen to reflect the ecology of a vegetated location and hard-walled location 

within each lake.   

14 species and 44 individual specimens of macroinvertebrates were recorded during the 

survey in total.  Species included native shrimp, mosquito fish, non-biting midge larvae, 

tadpoles, leeches, dragonflies, and a variety of snails (Appendix 4). 

The largest number of individual macroinvertebrates and number of species was recorded at a 

vegetated site at Lake Bungana (BU1 – 154 specimens and 10 species), and the least were 

recorded at a hard-walled site at Lake Brearley (BR4 – 16 specimens and 5 species).  Overall, a 

significantly higher number and more diverse range of macroinvertebrates were recorded at 

Lake Bungana than at Lake Brearley. The number of macroinvertebrates at Brickworks Lake fell 

between that of Lake Bungana and Lake Brearley. 
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5 DISCUSSION 

While algal blooms are a natural phenomenon and are necessary to support the ecological 

systems of water bodies, they can become a serious public health concern and ecological 

issue when they increase in intensity and regularity.  This is due to the toxicity to humans and 

animals of a number of species occurring in the south west of Western Australia, and due to 

deoxygenation of water bodies by algae when blooms begin to decompose.  This in turn can 

result in the deaths of fish and other aquatic wildlife and plants due to anoxic conditions, 

clogged flow paths and blocking of light.  Dead and dying algal material can also provide a 

ready food source for midge larvae, causing midges to reach nuisance populations.  For these 

reasons signage warning of health risks were installed and aerators in Lake Bungana and Lake 

Brearley were switched off. 

A number of conditions provide an ideal environment for algal blooms to occur in a water 

body (WRC, 1998), primarily: 

• eutrophic conditions: bioavailable nutrients (dissolved, inorganic) accumulated to 

levels leading to excessive algal blooms, with phosphorus generally the limiting 

nutrient; 

• fresh/brackish water quality; 

• shallow and slow-moving water expanses (low flushing/circulation); and 

• abundant light/high temperatures; 

When these conditions occur, algae multiply rapidly creating a bloom until all available 

nutrients are used.  The bloom then collapses rapidly taking up oxygen, decays and recycles its 

nutrients back to the water and sediments.  Nutrients stored in the sediment build up over time 

and can be released back into the water under certain conditions and potentially recycled to 

fuel another bloom (WRC, 1998).  

Therefore, to understand the characteristics of Lake Bungana and Lake Brearley which have 

caused the occurrence of algal blooms in these water bodies over the last few years, 

monitoring results have been considered in the context of these conditions. 

Nutrients 

One of the primary objectives of the 2015/2016 monitoring program was to understand the 

water and sediment quality of the lakes, and thus deduce the source of nutrients in Lakes 

Bungana and Brearley leading to algal blooms.   

Local groundwater was assessed as a potential source of nutrients in the lake system given the 

supply of water from the superficial aquifer to Brickworks Lake by the nearby production bore.  

However, groundwater quality results indicate that nutrient levels are low and thus unlikely to 

be a contributing source. 

Nutrient concentrations measured in Brickworks Lake are similarly low.  This is likely to be due to 

the frequent exchange of water at the lake from low-nutrient groundwater pumped in and 

irrigation water pumped out, as well as the presence of an aerator, all of which provide a 

significant level of flushing through the system.  Prior to the operation of these mechanisms 

algal blooms were also occurring at this lake (see section 2.1.3) indicating that they significantly 

improved the water quality.  Shading from tall established trees, vegetation around the 

majority of the lake shoreline, and floating vegetation within the lake itself are also likely to 

have assisted in improving water quality.  In addition, it is unlikely that stormwater discharging 

into Brickworks Lake at site BW2 will be providing a significant nutrient contribution as the inlet is 
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close to the discharge point of the lake.  Stormwater flows at Brickworks Lake will thus tend to 

flow directly into Lake Bungana via the connecting channel.  

Potential sources of nutrients in Lake Bungana and Lake Brearley include direct stormwater 

discharges from the surrounding catchment, infrequent overflows from Brickworks Lake into 

Lake Bungana and from Lake Bungana into Lake Brearley, and nutrients accumulated in lake 

sediments.  Consideration was also given to the management of adjacent public open space, 

particularly with respect to the use of fertilisers and grass clippings as a potential source of 

nutrients.  On discussion with the City it was established that while nitrogen and phosphorus 

based fertilisers are not used in adjacent POS areas, clippings are not collected. (pers. comm. 

Rebecca Ferguson, City of Bayswater, 20th April 2016). 

Based on results from the monitoring program an understanding of the quality of stormwater 

discharging into the lakes system has been obtained.  Stormwater runoff can be a source of 

nutrients as a result of fertiliser and associated materials in gardens, public open space, and 

rubbish accumulated from surrounding areas. 

Results indicate a relatively strong correlation exists between monthly rainfall and thus 

stormwater inflows and elevated nutrient levels, particularly in Lake Brearley at sites BR7 and 

BR8 adjacent to the Maylands Police Complex and stables, as well as site BR4.  Phosphorus 

concentrations at a number of sites over the winter period (July-September 2015) were 

significantly higher than during other events (see section 4.1.2).  In particular, nutrient 

concentrations were significantly higher here than at any other sites over the same period.  

While information from the police complex indicates that drainage at the complex is managed 

onsite (section 2.1.1), some contaminated stormwater may have flowed from the adjacent 

complex and stables into Lake Brearley during heavy winter rainfall at BR7 and BR8.  Further 

investigation of the Maylands Police Complex drainage network may be required to confirm 

this potential source of nutrients. 

Some correlation between winter rainfall and elevated nutrient levels also exists at Lake 

Bungana (at sites BU2, BU5 and BU6).  However, this relationship is not as apparent as at Lake 

Brearley and elevated nutrient levels may also be due to poor mixing in this corner of the lake.  

In addition, overflows of fresh water from Brickworks Lake into Lake Bungana during wetter 

months may also be diluting the effects of direct stormwater discharges into the lake. 

Sediment quality results indicate that nutrients are relatively high and potentially available in 

lake sediments for release into the water column under the right conditions.  This may occur as 

a result of mixing of sediment into the water column due to wind or rain events, or as a result of 

mineralisation when sufficient dissolved oxygen is present, causing the oxidation of organic 

matter into dissolved inorganic nitrogen and phosphorus bioavailable for algae (OzCoasts, 

2015). 

While results of the monitoring program do not show a direct correlation between the 

occurrence of elevated nutrient levels and algal blooms (section 4.1.3), they do indicate that 

contributions from both direct stormwater discharges and from lake sediments are the most 

likely sources of nutrients at Lake Bungana and Lake Brearley.  Therefore, this suggests that 

algal blooms are not occurring as a result of a direct contamination point source, but because 

of the level of ambient nutrients accumulated in lake sediments and water column.  Given the 

sparse distribution of vegetation within the riparian zone of both lakes, minimal opportunities for 

nutrient removal via biological uptake have been available to counter build-up. 

This conclusion is supported by the fact that algal blooms did not occur in the years 

immediately following the development of Peninsula Estate and the establishment of the 

original claypits as lakes (JDA, 1996; JDA, 2001; JDA, 2003), thus requiring nutrients to gradually 



Lake Bungana, Lake Brearley & Brickworks Lake, Maylands – Stage 2 report 

 - 23 - August 2016 

accumulate over the following decades before reaching levels capable of causing algal 

blooms.  

Physical characteristics 

While elevated concentrations of bioavailable nutrients are necessary for the occurrence of 

algal blooms, the physical characteristics of a water body are just as critical for the 

management of water quality.  As previously described, this includes salinity levels, shallow and 

slow-moving water, access to light, and surface water temperatures.  

Algal blooms occur in waters of fresh to brackish quality, similar to those salinity levels recorded 

at Lake Bungana and Lake Brearley.  In addition, the moderately-well oxidised and sometimes 

hyperoxic conditions recorded at the lakes are also ideal for biological production. 

The hard-walled edge of the eastern boundary of the lakes, as well as the lack of wetland 

vegetation planted along the western shorelines, means that little shade is received in the 

shallow riparian zones.  This creates conditions of abundant, direct sunlight and heating of 

shallow waters in the shore areas of the lakes, particularly in the hotter summer months.  

While reasonable mixing appears to occur within the water column and central areas of each 

lake, as evidenced by the negligible variability in nutrient concentrations at depth and from 

transect sampling, the large size and unusual shape of the lakes means that little circulation is 

occurring in the shallow waters along the shorelines.  In particular, dead zones where little 

mixing occurs and rubbish and floating organic matter typically collects have been observed 

in the corners of lake (as exemplified in Plate 8 below).  These unnatural lake shapes were 

created as a result of the historical excavation of the clay pits and as part of the design of the 

Peninsula Estate development.  The lack of circulation in these areas is also exacerbated due 

to the large size of the lakes, and it is expected that with a drying climate flushing from regular 

stormwater discharges are likely to decrease and worsen the issue. 

Therefore, in order to reduce the occurrence of algal blooms at Lake Bungana and Lake 

Brearley in the future, measures to reduce direct sunlight through shading and improve 

circulation and flushing in the shallow waters of the lakes should be introduced. 

Ecological health 

Good ecological health and high levels of biological productivity in water bodies results in 

continuous nutrient uptake and cycling in the system.  As previously stated in section 2.1.6, 

fringing vegetation is present along the western boundaries of Lake Bungana and Lake 

Brearley in a mix of native and exotic trees, bush and grasses.  However, only sparse vegetation 

exists within the riparian zone of the lakes, providing minimal function as macrophytes. 

The results of a macroinvertebrate survey and observations of aquatic fauna indicate that the 

lakes are themselves relatively healthy, however, with limited biological diversity. 

To improve the ecological health and biological productivity of Lake Bungana and Lake 

Brearley, fringing emergent, submergent and floating native vegetation should be increased 

throughout.  Macrophytes will provide shade and thus reduce direct sunlight promoting algal 

growth, provide cover for fish and aquatic birdlife, and substrate for aquatic invertebrates.  

Increased density and diversity of native vegetation within the lake riparian zones will also 

improve water quality through higher uptake of nutrients and greater aquatic species diversity 

to manage nuisance midges and mosquitoes. 
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Plate 8: Dead zones where little mixing occurs in Lake Bungana and Lake Brearley 
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6 MANAGEMENT OPTIONS 

Based upon the outcomes of the investigation presented, a number of management options 

have been assessed for the improvement of water quality at Lake Bungana and Lake Brearley 

with respect to: 

• short term or long term effectiveness; 

• nutrient reduction processes; 

• capital investment / upfront construction costs; and 

• monitoring and maintenance requirements. 

Management options have been selected to reduce nutrient inputs, and improve the physical 

characteristics and ecological health of the lakes.  These options are summarised below. 

6.1 Short-term management options 

Revegetation  

Revegetation of exposed areas of the riparian zone and fringe areas of the lakes (as shown in 

Plate 9 below) using a combination of appropriate locally native wetland species will improve 

nutrient uptake within the system, as well as lake ecological health and biological productivity.  

Macrophytic vegetation will also provide shade, and thus reduce direct sunlight promoting 

algal growth. 

Vegetation will also provide additional habitat, cover and food sources for aquatic fauna, fish, 

frogs and macroinvertebrates, which will also provide additional benefits through improved 

predation of nuisance midges and mosquitoes. 

Local native wetland sedges and rushes would ideally be planted within the riparian zone at a 

minimum density of 6 plants/m2 to achieve significant water quality treatment (Monash 

University, 2014).   

A combination of the following locally native wetland species could be included as part of the 

revegetation program, as well as other species: 

• Schoenoplectus validus – Quick-growing, tall rhizomatous perennial sedge (river club 

rush), grows in fresh water (dams, swamps, lakes, creeks) and on edge of brackish 

water (coastal rivers and lagoons), up to 3 m. 

• Baumea presissii – Broad twig sedge, grass-like, grows to 2 m high in silty and 

waterlogged soil boarding lakes and watercourses 

• Baumea articulata - Jointed twig-rush, rhizomatous, robust perennial, grasslike or herb 

(sedge). Grows to 2.5m high in wet, black sand, waterlogged soils in seasonal swamps 

and lakes.  

• Baumea juncea - Bare twig-rush, rhizomatous, colonising perennial, grass-like or herb 

(sedge). Grows to 1.2m in dark grey sand and waterlogged soils.  

• Lepidosperma squamatum - Unknown rhizomatous, tufted perennial, grasslike herb 

(sedge). Grows to 1m high in calcareous, peaty or lateritic sand, sandy clay and 

gravel. Occurs on dunes and in swamps.  

• Lepidosperma tetraquetrum - Pithy sword-sedge, rhizomatous, robust, tufted perennial, 

grass-like herb (sedge) growing 2-3m high with clumps to 2.5 m wide. Grows in black 

peaty sand along gullies, swamps & streams.  
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Planting should be undertaken immediately before/during the beginning of the winter (May-

July) to ensure the successful establishment of tubestock.   

Planting could be undertaken by community groups (such as the Friends of Maylands Lakes 

group) under supervision by the City of Bayswater.  However, algae in the lakes would have to 

be monitored to ensure that they are at low levels and public health risk is minimal before 

community members undertake revegetation works. 

Vegetation would require regular maintenance by six-monthly inspection to assess the need for 

pruning and thinning, or more intensive harvesting (Monash University, 2014).  Harvesting of 

bulky, and dying vegetation may be required after 3-5 years in order to ensure both flow paths, 

and water quality functionality are maintained.  Clippings should be removed and disposed 

offsite to ensure nutrients taken up by plants are not rereleased into the system during 

senescence, to manage density in the case of midge and mosquito nuisance, and to maintain 

lake views. 

Assuming a density of 6 plants/m2, a riparian zone width of 5 m on average, and a length of 

700 m at Lake Bungana, and 500 m at Lake Brearley for planting of the eastern shoreline and 

patches in the west, the revegetation program may cost up to $144,000 to plant this entire 

area using an external contractor (using tubestock only). 

  

  

Plate 9: Potential areas for revegetation in the riparian zones of Lake Bungana and Lake 

Brearley 

Physical removal of algae/floating waste 

Mechanical removal of existing algal blooms should be considered if levels are not reduced by 

the end of the winter season.  A one-off removal of algae via surface skimmers, rakes or other 

mechanical means will both permanently remove the nutrients taken up by this particular 

bloom, and also reduce the public health risk in the short-term.  This may cost $3,000 - $5,000 

per cleaning incident by a gully educting truck. 



Lake Bungana, Lake Brearley & Brickworks Lake, Maylands – Stage 2 report 

 - 27 - August 2016 

Phosphorus inactivation product application 

While Phosphorus levels were found to be less than water quality guidelines over the monitoring 

program, spikes in this nutrient at a number of stormwater inlets indicate that contributions are 

still of a significant level to support the occurrence of algal blooms.  Given that phosphorus 

generally limits the growth of algae and other aquatic plants, a one-off application of 

phosphorus inactivation products should be considered as part of water quality management 

at the lakes.  Inactivation products cause precipitation of filterable reactive phosphorus from 

the water column and prevent its release from sediments.  By removing bioavailable 

phosphorus from both the water column and sediment, it can no longer be used by algae for 

assimilation and growth.  Such a product only provides a short-term solution as nutrients may 

build-up again within a lake if sources are not managed appropriately after product 

application, and algal blooms may reoccur. 

One of the most well known products currently available is Phoslock developed by the CSIRO.  

It is produced from modified bentonite clay, manufactured as a dry granule and applied to 

lakes as a slurry via spraying of the lake surface according to required dosage rates.  Phoslock 

may cost approximately $4,000 per tonne of applied product.  Up to 10 tonnes of Phoslock 

may be required for either Lake Bungana or Lake Brearley in one application, assuming 

dosage rates are based on maximum Total Phosphorus concentrations measured during the 

monitoring program.  Therefore a single application of Phoslock may cost approximately 

$40,000 at one lake, resulting in a cost of $80,000 for application at both Lake Bungana and 

Lake Brearley.  However, accurate dosage rates requires confirmation of water column and 

sediment phosphorus loads. 

Phoslock has previously been used at Brickworks Lake in 2007 to control algal growth, and has 

more recently been used to help control phosphorus at Emu Lake in Ballajura. 

Bat boxes 

Bat boxes are a simple and cost-effective method of improving the ecological health of a lake 

system by providing habitat for native bats.  Microbats primarily feed on mosquitoes and other 

insects.  Thus by encouraging their presence they provide a natural form of mosquito control 

around lakes, thereby improving the environmental health of the entire system and reducing 

public nuisance and health risk.  Bat boxes may cost approximately $50-$100/box and are 

available from organisations such as Nest Boxes Australia. 

 

Plate 10: Bat boxes may be installed in trees as habitat for microbats to assist in mosquito 

control (Source: Australasian Bat Society) 
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6.2 Long-term management options 

Dredging 

Heavy equipment or specialized hydraulic dredges can remove accumulated nutrient-rich 

lake sediments, and thus permanently remove a large source of nutrients available for algal 

growth and improve water quality.  Such a management option can ‘reset’ the lake system, 

however, management of on-going nutrient sources is also required in addition to this process 

in order to ensure nutrient do not accumulate to original levels. 

Dredging can cause resuspension of sediments into the water column during operation and 

damage to lake habitat if not managed carefully.  Therefore, such an operation would require 

specific planning with respect to timing of works (when sedimentation of the water column 

causes minimal nuisance) and location (to minimise damage to vegetation).  If both dredging 

and revegetation options are undertaken, areas for planting should be chosen where 

dredging works and equipment are unlikely to occur. 

A detailed survey of lake bathymetry is usually required to provide contours of the lake base, 

sediment depth and perimeter outline to calculate total water and sediment volumes. This 

allows sediment ‘hotspots’ to be identified and priorities and methods for removal determined.   

Dredging usually involves the pumping of wet materials to a nearby bunded laydown area for 

drying, and disposal of materials at an appropriate waste management facility (such as Red 

Hill Waste Management Facility).  If sediments are not contaminated they may even be reused 

in other POS for soil improvement.  Some dredging operators use small microdredgers which do 

not require the use of a crane and use methods which release water back to a lake via a 

channel or pump to minimise mess, which is much better suited to a close residential area. 

Large-scale dredging can be very expensive due to equipment costs, and spoils disposal.  An 

initial bathymetric survey of both Lake Bungana and Lake Brearley may cost approximately 

$4,000.  Assuming approximately 20 cm of sediment is removed from a lake the size of Lake 

Bungana, an approximate cost for dredging and disposal of this lake may be in the order of 

$400,000.   Therefore, dredging of both Lake Bungana and Lake Brearley may be in the order of 

$1,000,000.  However, costs are highly dependent on a number of factors including sediment 

composition, density, contamination (requiring additional management and specialised 

transportation and disposal of hazardous material), lake bathymetry, and site accessibility.  

Thus, accurate cost estimates are notoriously difficult to provide without an initial investigation.  

Dredging operations on the scale of Lake Bungana and Lake Brearley may take 4-6 weeks to 

complete. 

Dredging of Lake A at Burswood Park and Roselea urban lake project at Stirling are recent 

examples of dredging operations recently carried out in the metropolitan are to improve water 

quality in lakes.  This work was undertaken by Apex Envirocare.  Understanding the sensitivity of 

such works, this operator was also involved in community liaison, including a briefing prior to 

commencing works and day to day discussions with respect to dredging activities. 
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Plate 11: Microdredging at Burswood Park (Source: Apex Envirocare) 

Gross Pollutant Traps 

Gross Pollutant Traps (GPTs) are systems typically installed in stormwater infrastructure which 

trap and remove large and small scale pollutants including rubbish, sediments, and organic 

matter which can often be a source of nutrients in stormwater.  They can be useful when 

located upstream of a biofiltration system, by providing pre-treatment through reduction of 

sediment loads in particular.  Regular maintenance of GPTs by removal of pollutants is required 

to ensure trapping efficiency is not reduced. 

Such units could be installed at locations directly upstream of the inlets discharging stormwater 

into Lake Bungana and Lake Brearley.  A number of GPT products are available on the market 

from companies such as Humes, Rocla and Spel Environmental.  Depending on unit size, a GPT 

unit may cost $13,000-$25,000, and may be easily installed by City staff.  To install standard GPTs 

at all eight inlets would cost approximately ~$200,000. 

Sediment traps which act to collect gross pollutants such as rubbish, sediments and organic 

matter, are currently located before each stormwater inlet.  However, these are not currently 

maintained via regular eduction (pers. comm. Jeremy Maher, City of Bayswater, 19th August, 

2016).  Given the significant infrastructure cost and maintenance requirements of GPTs, in 

combination with the presence of existing sediment traps whose maintenance could be 

improved to better manage water quality at the lakes, this management option has not been 

considered further. 

Floating wetlands 

Floating wetlands are modular biological units typically comprised of buoyant inert plastics 

comprised of suspended media in which aquatic plants are grown.  They are designed to 

allow plant roots to spread down through the media, thus providing an activated surface area 

in the water column to allow nutrient uptake by microbes which adhere to the roots, root hairs 

of the plants and media itself.  Microbes secrete biofilms which trap and digest organic matter 

and nutrients in the water column.  Floating wetlands are considered to be particularly 

effective at improving water quality due to the underwater surface area available for 

microbes to attach and take up nutrients. 

Plant species such as wetland sedges, rushes and grasses are typically selected due to their 

suitable for floating, buoyancy, root structure and root length.  Planting density is usually in the 

order of 3-5 plants/m2 and plants are usually pre-grown before installation. 
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The wetland units are designed to be anchored into positions suitable for local climate, 

hydrology and water velocities.  Where no public access is available, wetlands can be secured 

to embankments above the water, or sinkers, submerged anchors or piles may also be used. 

Floating wetlands would be ideally located around stormwater inlets at Lake Bungana and 

Lake Brearley to maximise treatment of runoff discharges before circulation into the lake 

system. 

According to research and design undertaken by SPEL Environmental, manufacturers of 

floating wetlands, a floating wetland footprint of ~0.5% of the contributing catchment is 

required to achieve significant water quality objectives (Nichols et al., 2016).  Given the 

estimated 50 ha catchment contributing to the lakes system, approximately 250 m2 of floating 

wetlands should be installed. 

Floating wetlands are considered low maintenance systems and typically require checking of 

anchors and plates holding the matrix together, and plant harvesting to maintain appropriate 

densities, replacement in the case of mortality, and weed control in a biannual basis.  The cost 

of floating wetland units are approximately $600-$700 /m2, depending on site requirements.  

Therefore, installation of 250 m2 floating wetlands across Lake Bungana and Lake Brearley 

would cost in the order of $1.5 million. 

Floating wetlands are currently being installed at Emu Lake in Ballajura by Spel Environmental.  

Clearwater Lakes and Ponds have also manufactured and installed floating wetlands in 

Queensland. 

Solar submersible pumps 

Submersible pumps may be installed in lakes in to order to improve the circulation of a system, 

thus reducing still-water conditions which support algal growth.  Submersible pumps are ideally 

located in the areas of a lake which receive little circulation, and where ‘dead zones’ are 

often formed causing both algae and rubbish to collect resulting in a nuisance. 

Submersible pumps may be powered by solar panels and operated using a control panel.  

Solar arrays are typically located at the top of a concrete mast to ensure the greatest 

exposure to sunlight and also to minimise vandalism.  Such systems would only be in operation 

during the day time, which is also when algal growth is most prone to occur.  Pumps are 

unlikely to be required year around and can be utilised over the summer period in particular, 

when conditions for algal growth are highest and stormwater inflows providing flushing and 

circulation are lowest.  Noise from submersible pumps is usually minimal with the exception of 

that associated with water movement itself.  To ensure that no aquatic wildlife is affected by 

underwater pumps, they should be housed in a anchored fine mesh stainless steel cage.  

Maintenance works around checking and management of clogging of pump systems may be 

required on a regular basis. 

A cost estimate for the installation of one submersible pump and pipework (assuming 200 m of 

water transfer), mounted solar array, control panel and stainless steel cage is approximately 

$28,000.  Assuming installation of two solar submersible pump systems at both Lake Bungana 

and Lake Brearley, a total cost of approximately $100,000-$150,000 is expected to install this 

management option. 

Submersible pump systems would ideally be located in the shallow, eastern areas of Lake 

Bungana (near to BU7 and BU2, and BU3 and BU6) and Lake Brearley (around BR9, BR5 and 

BR6, and BR3), where lakes are most accessible to the public and where the greatest nuisance 

is caused when algal blooms do occur.  One exception may be installation of a pump at BR3 in 

the west of Lake Brearley where significant nutrient concentrations and algal growth has been 
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recorded.  Solar pumps may be strategically located near inlets and floating wetlands to 

maximise circulation around them and enhance water quality treatment through these 

systems. 

A solar submersible pump has recently been effectively utilised by the City of Cockburn at 

Yangebup Lake to improve water quality there. 

Modification of lake shape 

In addition to providing artificial circulation of areas of Lake Bungana and Lake Brearley, 

modifying the shapes of these lakes should also be considered to improve circulation and thus 

reduce conditions under which algal blooms occur.  In particular, hard corners in which little 

flushing or circulation occur (‘dead zones’) may be filled in and vegetated to create a 

combination of shallow wetland and dryland areas.  In addition, to improving circulation, these 

areas may provide additional water quality treatment and also increase habitat for aquatic 

wildlife.  The results of a bathymetric survey undertaken to establish dredging costs will also 

assist in establishing the most practical areas for modification. 

Potential areas where the lakes may be modified are presented in Plate 12 below. 
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Plate 12: Potential areas for modification (yellow, hatched) into wetlands/drylands by filling and 

planting shown as (Lake Bungana on left and Lake Brearley on right) 
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Biofiltration systems 

An original element of the Peninsula Estate design was to install nutrient stripping basins to treat 

nutrients prior to discharge of stormwater into lakes, and maintain good water quality 

(Satterley, 1998).  While the vegetated channel connecting Brickworks Lake to Lake Bungana 

provides this function for larger flows discharging into Lake Bungana, no pre-treatment takes 

place before stormwater inlets discharge road runoff from the surrounding catchment into 

either Lake Bungana or Lake Brearley.  The possibility of constructing biofiltrations systems such 

as biofiltration basin or living stream upstream of lake inlets has been considered as a pre-

treatment water quality management option.  However, a significant amount of space would 

be required to install systems large enough to provide adequate water quality treatment to 

stormwater discharges before entering the lakes.  Given the limited available POS adjacent to 

the stormwater inlets, this option is not considered suitable for the site in lieu of end-of-pipe 

options within the lakes themselves. 

However, once the City has completed its review of the stormwater drainage network in the 

Peninsula Estate catchment, the network should be examined for opportunistic locations for 

pre-treatment systems further upstream in the catchment.  This may include the retro-fitting of 

rain gardens or swales in nearby verges or road median strips.  Such systems will support 

nutrient removal of road runoff before collecting and discharging into the Maylands lakes. 

Increase hydraulic connectivity between Lake Bungana and Lake Brearley 

An option to increase the level of hydraulic connectivity between Lake Bungana and Lake 

Brearley has also been considered as a method to improve flushing between the lakes.  

However, this option is not considered suitable due to the risks and difficulties associated with 

controlling algal blooms which may transfer from one lake to the other.  It would also prove 

more difficult to manage water quality in the lakes once they are no longer isolated, given their 

already significant size.  Therefore this management option has not been considered any 

further. 

Community education 

In order to obtain community support for the on-going implementation of water quality 

management options at Lake Bungana and Lake Brearley it is important to provide continued 

education to the public.  This may come in the form of signage describing water quality 

improvement processes at key locations around the lake, as well as summaries on how the 

community can minimise their own contributions of nutrients through reduced fertiliser use and 

no dumping of rubbish, pet fish, or clippings in/around the lakes.  Rainfall falling onto the roofs 

of a number of houses within Peninsula Estate is also discharged directly into stormwater drains 

which connect to the lake.  Educational materials should therefore also make residents aware 

that regular maintenance of roofs and gutters can also help to minimise nutrient runoff into the 

stormwater drains and lakes. 

The City is already providing local residents with brochures containing such information and this 

process is encouraged. 

A summary of management options for consideration at Lake Bungana and Lake Brearley are 

presented in Table 2. 
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Table 2: Summary of water quality management options for Lake Bungana and Lake Brearley, Maylands 

Management option Location Water quality improvement processes Constraints & considerations Maintenance requirements Cost estimate ($) 

SHORT TERM 

Revegetation Primarily around the 

eastern shoreline s and 

small patches of the 

western shoreline of 

both lake 

On-going biological uptake of nutrients 

Increased shading of shallow waters 

Habitat for aquatic wildlife & 

macroinvertebrates, to improve ecological 

health & predation of nuisance 

mosquitoes/midges 

Potential to encourage midge/mosquito 

populations if planting too dense 

Planting should take place immediately 

before/during start of winter 

Planting to be undertaken only after algae 

levels and public health risk are low (will require 

ongoing algal monitoring) 

Regular harvesting to ensure nutrient 

inputs do not re-enter the system 

Weed control 

Plant replacement 

~$144,000 

($72,000 if planted by volunteers) 

(tubestock only, 6 plants/m2, 

1,200 m along Lake Bungana & 

Lake Brearley shoreline, 5 m wide 

riparian zone) 

Physical removal of algae/floating 

waste 

As needed Permanent & direct removal of nutrients in 

algae from lake system 

Algae removal to take place after community 

has been notified & when contact with public is 

minimal 

Ideally undertaken before revegetation 

program 

- ~$10,000-$20,000 

($3,000 - $5,000 per cleaning 

incident by gully educting truck) 

Phosphorus inactivation product 

application (Phoslock or similar) 

Entirety of both lakes Removal of bioavailable phosphorus (FRP 

precipitation & inactivation in sediments) 

High upfront cost 

If on-going nutrient sources are not managed in 

the long-term, phosphorus levels may build-up 

to original levels 

- ~$80,000 for Lake Bungana & Lake 

Brearley 

(further analysis of accurate 

dosage rates required) 

Bat boxes Tall trees around lakes Habitat for natural predators of nuisance 

mosquitoes, reduction in public health risk 

- - ~$500 

($50-$100 /box) 

LONG TERM 

Dredging Entirety of both lakes Permanent removal of significant existing 

nutrient source accumulated in lake sediments 

Very high upfront costs 

Requires bathymetric survey and assessment to 

identify best methods & priorities for sediment 

removal 

Requires space for bunding of dredged spoil for 

4-6 weeks 

Can cause resuspension of sediments in water 

column 

Can damage shoreline vegetation – operations 

should be located/timed around revegetation 

program 

- ~$1,000,000 

(both lakes, accurate costs 

estimates require further 

investigation) 

Gross Pollutant Traps Upstream of stormwater 

inlets 

On-going removal of pollutants contributing 

nutrients (rubbish, sediments & organic matter) 

Pre-treatment of stormwater 

Units would ideally be installed at each 

stormwater inlet, however expense may not be 

justified given eight inlets around Lake Bungana 

& Lake Brearley, and existing sediment traps at 

each inlet 

Regular removal of gross pollutants 

required 

~$200,000 for all 8 inlets 

(~$13,000 - $25,000 per unit, 

installation not included) 



Lake Bungana, Lake Brearley & Brickworks Lake, Maylands – Stage 2 report 

 - 35 - August 2016 

Management option Location Water quality improvement processes Constraints & considerations Maintenance requirements Cost estimate ($) 

Floating wetlands Around stormwater inlets On-going biological uptake of nutrients High upfront costs 

Require protection from birds during 

establishment 

Checking anchors & plates holding 

matrix together 

Weed control 

Plant replacement 

Regular harvesting to ensure nutrient 

inputs do not re-enter the system 

$1,500,000 

($600-$700/m2, assuming 250 m2 of 

floating wetlands) 

Solar submersible pumps ‘Dead zones’ / shallow 

waters in eastern areas 

of the lakes 

Increased circulation/mixing, reducing 

conditions promoting algal growth 

High upfront costs / investment in infrastructure 

Priority locations require consideration 

Maintenance of pump to prevent 

clogging 

Period checks on anchoring of steel 

housing cage 

$100,000-$150,000 for 2 systems 

each in Lake Bungana & Lake 

Brearley 

($28,000 / system: includes 

submersible pump mounted solar 

array, control panel, stainless steel 

cage & installation) 

Modification of lake shape Hard corners / ‘dead 

zones’ 

Increased circulation/mixing, reducing 

conditions promoting algal growth 

Resistance from community, modification to 

views 

Additional vegetated areas will require 

maintenance 

 Dependent on detailed survey. 

~$200,000-$500,000 

(including fill & shaping, and 

revegetation) 

Living streams/biofiltration basins Upstream of stormwater 

inlets 

On-going biological uptake of nutrients 

Pre-treatment of stormwater 

Lack of space within POS adjacent to inlets 

End-of-pipe management considered a better 

suited solution 

- - 

Increase hydraulic connectivity 

between Lake Bungana and Lake 

Brearley 

At culvert between Lake 

Bungana & Lake 

Brearley 

Increased flushing between lakes, reducing 

conditions promoting algal growth 

High risk & difficulties associated with  controlling 

algal blooms if they occur 

Given significant size of the lakes, managing 

water quality on a larger scale would be more 

difficult when lakes are connected 

- - 

Community education Key sites around both 

lakes 

Incidental reduction of nutrients by community Ensuring community is engaged with 

management of water quality options through 

adequate & appropriate signage and 

educational materials 

- ~$10,000 (nominal) 

Detailed design     $60,000 

(2% of capital costs) 
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7 RECOMMENDATIONS 

A final set of recommended short term and long term water quality management options for 

Lake Bungana and Lake Brearley are presented below in Table 3.  Given the good water 

quality and environmental health of Brickworks Lake no management has been 

recommended for this system. 

These are based on the effectiveness of their water quality improvement, cost, and practicality 

of the options.  Very few attempts have been made to manage water quality at the Maylands 

lakes historically.  It is recommended that a coordinated approach utilising multiple short-term 

and long-term solutions is implemented to achieve the desired water quality outcomes which 

address both existing and on-going nutrient sources, as summarised in Table 3 below.   

In addition, it is recommended that management of public open space adjacent to the 

Maylands lakes is modified to include collection of grass and weed clippings after mowing.  

This will ensure they are removed as a potential source of nutrients.  No application of nitrogen 

and phosphorus based fertilisers should be continued. 

Table 3: Recommended management options & approximate total costs at Lake Bungana and 

Lake Brearley 

Short-term management Long-term management 

Revegetation program Dredging of Lake Bungana and Lake Brearley 

(including detailed bathymetric survey) 

Physical removal of algae (if blooms still 

present at end of 2016 winter period) 

Installation of floating wetlands 

Phosphorus inactivation product application Installation solar submersible pumps 

Installation of bat boxes Modification of lake shape 

Detailed design Community education 

Approximate cost: $300,000 Approximate cost: $3,000,000 

 

Detailed design works required to further define and develop management solutions has been 

calculated as 2% of approximate capital costs.  It is expected that the detailed design 

program will take up to six months to complete. 

If algal blooms are considerably extensive at Lake Bungana and Lake Brearley after the end of 

the 2016 winter period, the application of Phoslock or an equivalent product may also require 

consideration in addition to physical removal of algae, as a more time-efficient and practical 

method given the large area of the lakes. 

While end-of-pipe solutions are recommended at the Maylands lakes due to the lack of space 

in adjacent POS, a review of the stormwater drainage network in the Peninsula Estate 

catchment should also be undertaken once updated by the City to establish any opportunistic 

locations for additional pre-treatment (such as rain gardens or swales) upstream in the 

catchment.  This should also include a detailed investigation of the number of residential 

houses whose roof runoff is connected directly to the local stormwater drainage network, to 

better understand these potential contributions to the lakes system. 
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In addition to these management actions, it is also recommended that a more detailed 

investigation of drainage at the Maylands Police Complex be undertaken, including a site visit 

and analysis of drainage plans, to establish any potential contributions being made to Lake 

Bungana which might require management. 

Some potential funding for natural resource management activities external to the City of 

Bayswater have been identified, and are presented in Appendix 5. 
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APPENDIX 1 – MAYLANDS PENINSULA ESTATE LAKES BUNGANA, 
BREARLEY AND BRICKWORKS SURVEY (CITY OF BAYSWATER, 
11/03/2016) 
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APPENDIX 2 – SAMPLING AND ANALYSIS PLAN, LAKE 
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1. Background 

Lake Bungana and Lake Brearley are two ornamental lakes at the southern end of the 
Maylands peninsula, constructed from the abandoned clay pits formerly servicing the 
Maylands Brickworks. The purpose of the lakes was to provide a scenic recreational 
feature amongst a residential development, improve the quality of drainage water entering 
the Swan River and create fauna habitat. The lakes have experienced problems with 
rubbish build up contributed by stormwater and littering. A small irrigation lake located to 
the north of Lake Bungana has also experienced a blue green algae problem in early 
2007. Following the bloom, Phoslock was applied to the irrigation lake and this appeared 
to control algae growth until at least spring 2007. 
 
In March and April 2013, water sampling was conducted stemming from concerns raised 
by local residents about the health of the water body. The results from this snapshot 
monitoring suggested an algal bloom had occurred within the lake and further monitoring 
would be required. In 2013 a monitoring program was established to provide information 
on the water quality within the lake.   
 
In September 2014 local residents approached the Council about their concerns regarding 
the health of the water at Lake Bungana. An algal ID and count was carried out, which 
identified that Blue Green algae was present at densities that required mandatory reporting 
to Department of Health as a public health issue. Bayswater environmental health officers 
immediately placed health warning signs around the lake and turned off the aerators to 
prevent the spread of water vapour. Further monitoring was carried out at Lake Bungana, 
Lake Brearley and the smaller brickworks irrigation lake. Samples were taken and the 
results of all of the lakes were reported to Council for future direction in 2015/16.  
 
As there is an ongoing concern for the health of these lakes, a 12 month monitoring 
program carried out over 2015/16 will provide further information on the quality of the 
water to help inform future management actions.  
 

2. Changes to the project  

This sampling program began in July 2015 and was reviewed in March 2016. This updated 
SAP is a reflection of the recommendations from the environmental consultant who 
reviewed the data already collected. 
 

• 9 new sites were added to the program: 
- One-off collection of a water sample from the groundwater production bore 

(Bore1) for full nutrient analysis, to confirm whether groundwater is a 
potential contributor of nutrients or not; 

- Additional four water samples for nutrient analysis in Lake Bungana and 
Lake Brearley in a north-south transect over two events, in order to obtain a 
snap shot of spatial variability in surface water.  

 
• Additional two samples at depth (0.5 m and 1 m) for nutrient analysis from two 

monitoring locations in each lake over two events, in order to understand variation 
in the water column. 
 

• Sediment samples for additional nutrient analysis and particle size analysis taken at 
each location where water samples are also collected for nutrient analysis, and at 
two additional samples near the centre of each lake, over two events. This will 
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provide additional information as to whether nutrient concentrations in lake water is 
related to release of nutrients from sediment.  
 

• Total suspended solids to be analysed at each site where water samples are 
collected for nutrients, and lake turbidity to be recorded at each monitoring site 
using a Secchi Disk to provide additional information as to the presence of 
suspended solids in the lake water column.  
 

3. Purpose of the sampling 

The purpose of the sampling is to: 
• Determine the water and sediment quality of Lake Bungana, Brearley and 

Brickworks based on previous environmental concerns.  
• Complete follow up algal ID and counts at Lake Bungana, Brearley and Brickworks.  

 

4. Personal safety 

A separate safety plan will be prepared and approved by representatives from the 
Department of Water and the City of Bayswater prior to field sampling. The safety plan 
should indicate all areas of potential risk to personnel before, during and after the sampling 
and develop specific strategies to minimise this risk. 
 

5. Documentation 

All water samples will be accompanied by field notes, field observation forms and chain of 
custody forms. The sampling program and all sampling sites will be registered with the 
Water Information Network (WIN) database mangers, in the Department of Water, prior to 
sampling.  
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6. Program cost estimate 

The cost per sample for the laboratory analysis is outlined below in table 1 (quoted from 
NMI December 2016, CSIRO February 2016 and Phytoplankton Ecology Unit May 2015). 
 
Table 1: Sampling program cost estimate 

 

APRIL 

NMI         

Parameter Cost per sample No. samples Frequency Total Cost (incl GST) 

WATER 
    

TN  $19.95 26 1 $518.70 

TP $16.04 26 1 $417.04 

TSS $15.90 18 1 $286.20 

Replicate $51.89 1 1 $51.89 

Blank $51.89 1 1 $51.89 

SEDIMENT 
    

TN  $86.16 11 1 $947.76 

TP $47.94 11 1 $527.34 

Moisture $15.06 11 1 $165.66 

Leaching and filtering $26.34 11 1 $289.74 

TOTAL 
   

$1,325.72 
 

CSIRO         

Parameter Cost per sample No. samples Frequency Total Cost (incl GST) 

SEDIMENT 
    

PAS Batch Fee $66.00 11 1 $726.00 

Sieving $77.00 11 1 $847.00 

Particle Size Analysis $99.00 11 1 $1,089.00 

TOTAL 
   

$2,662.00 
 

PEU         

Parameter Cost per sample No. samples Frequency Total Cost (incl GST) 

ALGAE     

ID and count $110.00 11 1 $1,210.00 
 

MAY 

PEU         

Parameter Cost per sample No. samples Frequency Total Cost (incl GST) 

ALGAE     

ID and count $110.00 2 1 $220.00 
 

JUNE 

NMI         

Parameter Cost per sample No. samples Frequency Total Cost (incl GST) 

WATER 
    

TN  $19.95 25 1 $498.75 

TP $16.04 25 1 $401.00 

SEDIMENT 
    

TN  $86.16 11 1 $947.76 

TP $47.94 11 1 $527.34 

Moisture $15.06 11 1 $165.66 

Leaching and filtering $26.34 11 1 $289.74 

TOTAL       $899.75 
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PEU         

ALGAE     

Parameter Cost per sample No. samples Frequency Total Cost (incl GST) 

ID and count $110.00 2 1 $220.00 

 

An estimate of the total cost of the program is outlined below in Table 2. The City of 
Bayswater will be responsible for the laboratory analysis costs at a total of $6,537.47 
including GST.   
 
Table 2: Sampling program total cost breakdown 

LAB COSTS TOTAL COST 

Lab analysis (NMI)- Nutrients and Sediment $2,225.47 

Lab analysis (CSIRO)- Sediment $2,662.00 

Lab analysis (PEU)- Algae $1,650.00 

TOTAL INC GST $6,537.47 
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7. Sample site locations 

There are 18 sites selected within Lake Bungana, Brearley and Brickworks for sampling, some of which are for algae only, some are 
nutrients only and some are sampled for both. These sites have been selected such that: 

• The sites will provide further information based on the results shown as a concern;  
• They are generally representative of the lakes. 

 
Where the drain lids cannot be found/removed or are consequently dry, a sample will be taken from the pipe inlet to the lake to the 
nearest location and labeled accordingly.  
 
Table 3 provides a detailed description and GPS coordinates of each of the sample sites. A map showing the location of the sites is 
provided in Figure 1. 
 
Table 3: List and description of sampling sites within Lake Bungana, Brearley and Brickworks 

Site code Site name Context Easting Northing 
Sampled for 

Nutrients 
Sampled for 

Algae 
Sampled for 

Sediment 
Sampled at 

depth 

Bore 1 Pumping station to the east of 

Brickworks 2 

Bore 

Maylands Peninsula 

396509.12 6465535.82 YES    

Brickworks 1 Brickworks lake, sample on eastern 

side of lake 

Inlet Pipe 

Maylands peninsula 

396466.33 6465485.64  YES   

Brickworks 2 Brickworks lake, inlet to western side 

of lake 

Closed Drain 

Maylands peninsula 

396408.48 6465474.58 YES  YES  

Bungana 1 
Adjacent to bottom of car park 

Edge of Lake 

Maylands peninsula 

396426.71 6465298.71  YES   

Bungana 2 
De Haviland Way  (opp Bungana1) 

 

Maylands peninsula 
396545.38 6465331.75 YES YES YES  

Bungana 3 Roundabout (De Haviland Way and 

Airways Bvd) 

Edge of Lake 

Maylands peninsula 

396672.22 6465162.52  YES   

Bungana 4 SW cnr of Lake Bungana Edge of Lake 

Maylands peninsula 

396503.23 6465013.86  YES   

Bungana 5 
Swan Bank Rd drain, outlet (15 meters 

West of brickworks lake outlet) 

Closed Drain 

Maylands peninsula 
396426.8 6465361.3 YES  YES  

Bungana 6 Cnr of Kittyhawk View and Dakota Ave 
Closed Drain 

Maylands peninsula 
396695.4 6465116.1 YES  YES  
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Site code Site name Context Easting Northing 
Sampled for 

Nutrients 
Sampled for 

Algae 
Sampled for 

Sediment 
Sampled at 

depth 

Bungana 7 N end of boardwalk at fountain 
End of Jetty 

Maylands Peninsula 
396483 6465399.5  YES   

Bungana 8 

Centre of lake at northern end, to the 

right of the islands and closest to the 

fountain 

Centre of lake 

Maylands Peninsula 
396498.38 6465313.39 YES    

Bungana 9 
Centre of lake, south of island and 

Bungana8 

Centre of lake 

Maylands Peninsula 
396462.85 6465218.60 YES  YES YES 

Bungana 10 Centre of lake, south of Bungana9 
Centre of lake 

Maylands Peninsula 
396509.45 6465134.53 YES    

Bungana 11 
Centre of lake at southern end, closest 

to Bungana6 

Centre of lake 

Maylands Peninsula 
396580.30 6465095.33 YES   YES 

Brearley 1 N end of Boeing Lane Edge of Lake 

Maylands Peninsula 

396658.24 6464989.76  YES   

Brearley 2 SE cnr of Lake Brearley (off Tranby Rd) Edge of Lake 

Maylands Peninsula 

397058.9 6464817.57  YES   

Brearley 3 SW cnr of Lake Brearley (off Swn Bank 

rd) 

Edge of Lake 

Maylands Peninsula 

396615.37 6464737.33  YES   

Brearley 4 Drain outlet opposite 10 Hinkler Loop 
Closed Drain 

Maylands Peninsula 
396874.6 6464916.5 YES YES YES  

Brearley 5 
Drain outlet adjacent to rear of 11 

Tourer Ct 

Closed Drain 

Maylands Peninsula 
396855.1 6464683.7 YES  YES  

Brearley 6 
Drain outlet in line with Clarkson Rd 

and Tourer Ct intersection 

Inlet Pipe 

Maylands Peninsula 
396804.8 6464651.4 YES  YES  

Brearley 7 
Drain outlet at cul de sac at end of 

Sopwith Elbow 

Inlet Pipe 

Maylands Peninsula 
396681.7 6464761.7 YES  YES  

Brearley 8 
Drain outlet adjacent to N end of Swan 

Bank Rd (by police complex). 

Inlet Pipe 

Maylands Peninsula 
396573.6 6464802.2 YES  YES  

Brearley 9 End of Jetty 
End of Jetty 

Maylands Peninsula 
396978.4 6464869.7  YES   

Brearley 10 
Centre of lake at northern end, to the 

left of islands 1&2 

Centre of lake 

Maylands Peninsula 
396596.93 6464929.21 YES    
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Site code Site name Context Easting Northing 
Sampled for 

Nutrients 
Sampled for 

Algae 
Sampled for 

Sediment 
Sampled at 

depth 

Brearley 11 
Centre of lake, south of Brearley10 and 

to the left of island 3 

Centre of lake 

Maylands Peninsula 
396637.92 6464815.87 YES   YES 

Brearley 12 
Centre of the lake, between 

Brearley5&6 

Centre of lake 

Maylands Peninsula 
396765.47 6464773.44 YES    

Brearley 13 
Centre of the lake at the eastern end, 

closest to the fountain 

Centre of lake 

Maylands Peninsula 
396940.19 6464833.91 YES  YES YES 

 

Highlighted orange if newly added to the program 
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Figure 1: Lake Bungana, Brearley and Brickworks sampling sites (taken from the Stage 1 Maylands 
Report by Essential Environmental) 
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8. Measurement parameters and sampling frequency 

 
PHYSICAL 
Water samples will be measured in-situ for the following physical parameters: 

• Dissolved oxygen, pH, salinity, temperature and electrical conductivity. 
 
TOTAL SUSPENDED SOLIDS 
Surface water samples will be collected during April 2016 and analysed for TSS. 
 
NUTRIENTS 
Water samples will be collected during April and June 2016 from three depths (surface, 0.5 
m and 1 m below surface) and analysed for the following; 

• Total Nutrients - total nitrogen (TN) and total phosphorus (TP) 
 

SEDIMENT 
Sediment samples will be collected during April and June 2016 and analysed for the 
following; 

• Total Nutrients - total nitrogen (TN) and total phosphorus (TP); and 
• Moisture. 

 
Sediment samples will also be analysed for the following during April 2016; 

• Particle size analysis. 
 
ALGAE 
Water samples will be collected during April 2016. Two specific locations (Bungana 7 and 
Brearley 9) near the fountains will be sampled during April, May and June, and analysed in 
a laboratory for the following parameters: 

• Algal ID and count. 
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Table 4: Month and parameters to be sampled 

 

Parameter Month 
(2016) 

Bore  Brickworks Bungana Brearley 
1 1 2 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11 12 13 

Total 
Nutrients 

April �  �  �   � �  � � � �    � � � � �  � � � � 
May                            
June   �  �   � �  � � � �    � � � � �  � � � � 

Total 
Nutrients 
at depth 

April            �  �           �  � 
May                            
June            �  �           �  � 

TSS April �  �  �   � �  � � � �    � � � � �  � � � � 

Sediment April   �  �   � �   �      � � � � �     � 
May                            
June   �  �   � �   �      � � � � �     � 

Algae April  �  � � � �   �     � � � �     �     
May          �             �     
June          �             �     

 
Table 5: Sample bottle requirements for April 

Parameters Bottle type Site no. Total Sites Replicate Blank Total bottles 

Total nutrients  
125mL 
plastic 

• Bore1 
• Brickworks2 
• Bungana2, Bungana5, Bungana6, Bungana8, Bungana9, Bungana9A, 

Bungana9B, Bungana10, Bungana11, Bungana11A, Bungana11B 
• Brearley4, Brearley5, Brearley6, Brearley7, Brearley8, Brearley10, 

Brearley11, Brearley11A, Brearley11B, Brearley12, Brearley13, 
Brearley13A, Brearely13B 

26 1 1 28 

Total Suspended 
Solids 

1L plastic 

• Bore1 
• Brickworks2 
• Bungana2, Bungana5, Bungana6, Bungana8, Bungana9, Bungana10, 

Bungana11 
• Brearley4, Brearley5, Brearley6, Brearley7, Brearley8, Brearley10, 

Brearley11, Brearley12, Brearley13 

18 1 1 20 

Sediment  (NMI- 
nutrients & 
moisture)* 

250mL 
glass 

• Brickworks2 
• Bungana2, Bungana5, Bungana6, Bungana9 
• Brearley4, Brearley5, Brearley6, Brearley7, Brearley8, Brearley13 

11 1 1 13 

Sediment  
(CSIRO- particle 
size analysis)* 

250mL 
glass 

• Brickworks2 
• Bungana2, Bungana5, Bungana6, Bungana9 
• Brearley4, Brearley5, Brearley6, Brearley7, Brearley8, Brearley13 

11 1 1 13 
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Algae  
• Brickworks1 
• Bunagana1, Bungana2, Bungana3, Bungaga4, Bungana7 
• Brearley1, Brearley2, Brearley3, Brearley4, Brearley9 

11 1 1 13 

Total water sample containers required 67 

 

*It is likely that sampling at some of the sediment sites will not be possible due to the base of the closed drains.  

Table 6: Sample bottle requirements for May 

Parameters Bottle type Site no. Total Sites Samples/site Total bottles 

Algae  
• Bungana7 
• Brearley9 

2 1 2 

Total water sample containers required 2 

 

Table 7: Sample bottle requirements for June 

Parameters Bottle type Site no. Total Sites Samples/site Total bottles 

Total nutrients  
125mL 
plastic 

• Brickworks2 
• Bungana2, Bungana5, Bungana6, Bungana8, Bungana9, Bungana9A, 

Bungana9B, Bungana10, Bungana11, Bungana11A, Bungana11B 
• Brearley4, Brearley5, Brearley6, Brearley7, Brearley8, Brearley10, Brearley11, 

Brearley11A, Brearley11B, Brearley12, Brearley13, Brearley13A, Brearely13B 

25 1 25 

Sediment  (NMI- 
nutrients & moisture)* 

250mL glass 
• Brickworks2 
• Bungana2, Bungana5, Bungana6, Bungana9 
• Brearley4, Brearley5, Brearley6, Brearley7, Brearley8, Brearley13 

11 1 11 

Algae  
• Bungana7 
• Brearley9 

2 1 2 

Total water sample containers required 38 

 
*It is likely that sampling at some of the sediment sites will not be possible due to the base of the closed drains.



 15

9. Sample collection and storage techniques 

 

Water Samples  

 
1. Physical parameters 
1.1 A multiprobe will be used to measure physical parameters in situ at each site after 

the water samples are collected. Calibration of the logger will occur prior to and at the 
end of the sampling with all calibration records kept in a logbook. The calibration 
procedure can be provided by the Department of Water. 

 
2. Total nutrients: 
2.1 A polyethylene bottle is attached to an extendable pole. The bottle is placed into the 

water such that the mouth of the bottle faces upstream. The bottle is moved slowly 
into the oncoming flow such that no water from behind the bottle washes back into 
the bottle. 

2.2 The polyethylene bottle is rinsed three times with water from the stream with the 
water used for rinsing being poured downstream. 

2.3 The polyethylene bottle is filled up and the water collected is used to rinse the sample 
bottle three times. The water used for rinsing will be poured downstream. 

2.4 The sample bottle is filled with water collected from the stream using the polyethylene 
bottle. 

2.5 Once filled to the required level, the sample bottle is placed into an esky with ice or 
ice bricks. 

2.6 Water samples are also to be collected from depths of 0.5 m and 1 m. Repeat steps 
2.1 to 2.5 at these depths.  

 
Total nutrients 

Sample volume 250mL 
Sample bottle Polyethylene bottle, new.  
Collection technique Rinse the sample container three times with the sample water. 

Decant from the grab sampler into the sample bottle. 
Filling technique Fill to shoulder of sample container. 
Maximum sample holding 
time and storage conditions 

Analyse within 24 hours if sample is kept refrigerated (1-4
o
C). 

Analyse within 30 days if kept frozen (<-20
o
C). 

Unit of measurement mg/L 

 

Sediment Samples 

 
3. Metals, total nutrients and moisture: 

3.1 A clean 50mm Wildco sediment corer is dropped into the water by attaching a 
line to the clevis located on the head assembly between the handles to a depth 
in the sediment of 15-25cm. 

3.2 A simple valve allows water to flow through the sampler during descent and 
close tightly when removing the sampler, minimising sample loss.  

3.3 The corer is gently lifted up from the sediments.   
3.3 Decant the water off the top of the sediment. 
3.4 The sediment is released from the bottom of the corer until only 5cm of 

sediment remains in the corer (top layers). The remaining sediment is 
transferred into a clean stainless steel bowl. 

3.5 Steps 8.1 to 8.4 are repeated another two times such that three sediment cores 
are placed in the stainless steel bowl. These three cores are mixed using a 
clean metal spoon until the sample appears homogeneous. 
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3.6 Fill the sample container to the shoulder and place in an esky with ice or ice 
bricks. 

 
Total nutrients and moisture 
Sample volume 250mL 
Sample bottle Glass jar, screw top lid. 
Collection technique Homogenise three sediment cores in stainless steel bowl using 

mixing spoon. Spoon homogenised sediment sample into 
sample jar. 

Filling technique Fill to shoulder of sample container.  
Maximum sample holding 
time and storage conditions 

Analyse within 30 days. 

Unit of measurement mg/kg dry weight 

 
4. Particle size  
4.1 Follow the method described in the above section, further sediment cores are 

collected within the same 1m x 1m quadrat selected for the sediment sample and 
where possible, ensure that the samples are representative of the three cores taken 
for sediment analysis.  

4.2 Depth of sediment sample as recommended by Simpson et al. 2005 to allow 
comparison with ANZECC/ARMCANZ interim sediment quality guidelines.  

 
 Particle size distribution 

Sample volume 250mL 
Sample bottle Glass jar, screw top lid. 
Collection technique Homogenise three sediment cores in stainless steel bowl using 

mixing spoon. Spoon homogenised sediment sample into 
sample jar. 

Filling technique Fill to shoulder of sample container.  
Maximum sample holding 
time and storage conditions 

Refrigerate to 4 °C and keep sample in a dark place. No 
specific holding time applies. 

Unit of measurement % proportion of each particle size class present 

 
5. QC Samples  
 
5.1 Field Blank  
5.1.1 An empty sample bottle for each parameter being analysed is rinsed three times 

with NMI DI water before being filled with NMI DI water in the field.  
5.1.2 Once filled to the required level (level required for each parameter) the sample 

bottle is placed into an esky with ice or ice bricks.  
 
5.2 Replicate 
5.2.1 Collect an additional sediment sample as described in steps above, using an 

additional sample bottle. 
 
The purpose of taking a replicate is to provide confidence in the reliability of the measured 
value provided by the laboratory from single samples. If replicate values are different by 
more than 10%, then the data should not be relied upon and the lab requested to 
reanalyse the sample. 

 

Algae Samples 

The samples will be collected as indicated in steps 2.1 and 2.2. The sample bottles are 
filled directly from the polyethylene bottle, leaving airspace at the top. Once filled to the 
required level, the sample bottle is placed into an esky with ice or ice bricks. 
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10. Labelling of sample containers 

The sample containers should be labelled with sequential sample registration number, the 
parameter, the date of collection, the type of preservation (if any) and the client 
identification. 
 
Example of bottle label: 
 
 
 
 
 
 
 

 

11. Analysis methods and limit of reporting 

Tables 8 and 9 below outline the analysis methods and limits of reporting at the National 
Measurement Institute laboratory for each parameter. 
 

Table 8: Analysis methods and limit of reporting for water samples  

Method description LOR (mg/L) 

Total phosphorus 0.005 

Total nitrogen  0.025 

Total suspended solids 1 

 

Table 9: Analysis methods and limit of reporting for sediment samples 

 

Method description LOR (mg/kg) 

Total phosphorus 1 

Total nitrogen  50 

Moisture content 0.001 

 
Particle size distribution of sediment will be determined by the CSIRO laboratory. Particles 
to be grouped into the following size classes according to the Wentworth scale (Wentworth 
1922) using wet sieving followed by laser diffraction (Mudroch et al. 1997): 

<4 um (clay) 
<62 um (silt) 
<250 um (fine sand) 
<500 um (medium sand) 
<2,000 um (coarse sand) 
<10,000 um (gravel) 

 

  

Parameter:  TN/TP 

Sample ID:  200706028 

Reference:  BUNGANA01 

Date:   03/04/2016 
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12. Sending samples to the laboratory 

 
Storage 
 
Store the samples in an Esky chilled to 4oC with cold packs and send the Esky with the 
samples to the Laboratory. 
 
Documentation 
 
CSIRO  
Sediment samples for particle size analysis are to be delivered to CSIRO MINERALS 
laboratories (map in Appendix 1) by by 4:30 pm, accompanied by a CSIRO Analysis 
Request Form (example provided in Appendix 1).  
 
NMI  
Eskies containing water and sediment samples need to be delivered to the NMI Lab in the 
process area at the bay behind the building before 5pm (lab closes at 5pm). 
 
A completed COC and a copy must be included with the Esky. A separate sheet detailing 
the invoicing and analysis requirements should be provided to the laboratory with the 
completed COC. On the COC it must be marked clearly who is to receive the invoice for 
the laboratory analysis costs and who is to receive electronic and hard copies of the data 
as follows: 

• Electronic laboratory results are to be sent from the laboratory directly to WIN, 
with a copy to the City of Bayswater for data management. In the ‘SEND 
ELECTRONIC RESULTS TO’ section, write ‘CC electronic results to 
[stakeholder’s email address]’. 

• Invoices for laboratory costs need to be sent directly to the stakeholder/s. In the 
‘REMARKS’ section, write ‘Invoice only to [project owner’s postal address]’.  

• The hardcopy of the laboratory results need to be posted directly to WIN. In the 
‘ADDRESS CORRESPONDENCE TO’ section, write ‘Hardcopy to’ next to QA 
officer’s address. 

Once the samples are received at the laboratory, the laboratory staff will sign the COC 
form, accounting for all sample containers and their condition. The laboratory will keep the 
white and pink copies of the COC, while City of Bayswater staff will retain the yellow copy. 
The laboratory will place their sampling code on the COC and FAX this to the Water 
Information Branch of the Department of Water. City of Bayswater staff will forward the 
original yellow copy of the COC form to the Department of Water, along with the original 
Field Observation Form (FOF) (after photocopying). The original white COC form will be 
returned from the laboratory with the hardcopy results of the analysis. 
 
Turnaround time 
 
The turnaround time is approximately 20 days. 
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13. Comparison of results with guidelines 

To provide a general frame of reference as to the state of water quality in Lake Bungana, 
Brearley and Brickworks, laboratory results from this sampling program will be compared 
to trigger levels from the ANZECC guidelines. Exceedance of the trigger value indicates 
that there is the potential for an impact to occur and should therefore trigger a 
management response (ANZECC & ARMCANZ 2000). 
 
Nutrient concentrations and physical parameter results of the surface water will be 
compared to the statistically derived default trigger values for slightly disturbed 
ecosystems of southwest Australia (ANZECC & ARMCANZ 2000). The results are 
compared to the ‘lowland rivers’ ecosystem type, as this is considered to be most 
applicable to the drains and their receiving environment (Swan River).   
 
From a human-use perspective, urban drains and basins are not a source of drinking 
water but may be accessed by the public and therefore it is reasonable to compare the 
toxicant results to recreational guidelines that take into account risks to public health. 
Toxicant concentrations should not exceed the recreational guidelines to ensure that 
recreational users are not at risk (ANZECC & ARMCANZ 2000). 
 
The Australian and New Zealand guidelines for fresh and marine water quality (ANZECC 
2000) do not have current trigger values for nutrients in sediment, but the concentrations 
will be a useful indicator when compared to the water samples.  
 
The algal count and ID will be determined by the Phytoplankton Ecology Unit of 
Department of Water and they will provide any suitable recommendations. It is 
recommended that the Department of Health be contacted to discuss results.   
 
Table 10: Trigger values and guidelines for nutrient concentrations and physical properties in 
lowland rivers and freshwater. 

Guideline DO (%) pH TN  
(mg/L) 

TP  
(mg/L) 

TSS* 
(mg/L) 

ANZECC Water quality trigger value – 
lowland river (2000) 

80-120 6.5 - 8.0 1.2 0.065 - 

ANZECC Water quality trigger value – 
Recreational (2000) 

>80 6.5 – 8.5 - - 6 

*DoW Interim Guideline  

 
14. Roles and responsibilities 

The City of Bayswater will have overall responsibility for this project, including program 
design, collection of samples, analysis of laboratory results and compilation of a final 
report. 
 
The Water Science Branch of the Department of Water is responsible for assisting with; 
the preparation and registration of this Sampling and Analysis Plan, data management and 
capture and assisting with the preparation of the final report.  
 
The City of Bayswater will be responsible for the laboratory analysis costs at 
approximately $6,537.47 including GST.   

  



 20

ANALYSIS REQUIREMENTS 

 
Project:_________________________________________________________________ 
 
COC numbers:___________________________________________________________ 
 
Group Analytes  Special Instructions 

A WATER – total nutrients 
 
Total nitrogen 
 
Total phosphorus 
 
 

To be reported at standard LORs 
 
0.025 mg/L 
 
0.005 mg/L 
 
 

B WATER – TSS 
 
Total suspended solids 

To be reported at standard LORs 
 
1 mg/L 
 

C SEDIMENT  
 
 
Moisture 
 
Total nitrogen 
 
Total phosphorus 
 

To be reported at limits of reporting for analysis 
using 95% ANZECC guideline trigger values 
 
Standard LOR (0.10%) 
 
50 mg/kg 
 
1 mg/kg 
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Samples (list all Samples for 
Analysis - use additional sheets for 11 or 
more samples ) 

PAS ID # 
(CSIRO use) 
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 Are any of the Samples hazardous?    YES / NO   (Circle one) 

If ‘YES’, please briefly describe the nature of the hazard below and 
ensure an MSDS is attached to the Samples when delivered to CSIRO. 

 

After Analysis CSIRO should :  (select one) 

Return Samples to Client            
(courier fee applies) 

Store Samples for 3 months then discard.   

P
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T
 

Fee:  A$___________ (this includes GST). Start Date:  _____________ Delivery Date:  _____________  

Payment Terms:  The Fee is payable before the Delivery Date unless you have existing post-Analysis payment 
arrangements with CSIRO. 

Payment Method:  Please indicate how you will pay:   

 by EFT or bank transfer  (a tax invoice will be issued with account details for payment); 

 by credit card   (max AUD $5,000): 

    Visa   MasterCard   

 Credit Card Number  __ __ __ __ | __ __ __ __ | __ __ __ __ | __ __ __ __ 

Cardholders name: _____________________________ Expiry Date:  ____ / ____  Signature:  __________________ 

 

S
IG

N
 

This proposal to enter into an agreement is valid for 60 days from the date above. The Agreement will consist of this page together 
with the Terms of Analysis & any attachments. To accept, please sign & return to Nancy Hanna via email, fax or post. 

Client :   __________________________   by   __________________________   on   __________________________    

CSIRO: __________________________   by   __________________________   on   __________________________    
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Lake Bungana, Lake Brearley & Brickworks Lake, Maylands – Stage 2 report 

 - 42 - August 2016 

APPENDIX 3 – WATER QUALITY, SEDIMENT QUALITY AND ALGAL 
COUNT RESULTS SUMMARY 

 



LAKE BUNGANA, LAKE BREARLEY & BRICKWORKS LAKE, MAYLANDS

WATER & SEDIMENT QUALITY MONITORING RESULTS

2015 - 2016

TN (mg/L) TP (mg/L) TON (mg/L) DON (mg/L) NOx-N (mg/L) NH3-N (mg/L) FRP (mg/L) TN (mg/kg) TP (mg/kg) Moisture (%) Salinity (ppt) EC (mS/cm) EC - DoW^ DO (mg/L) DO - DoW^ DO (%) pH Temp (°C)

Limit of Reporting 0.025 0.005 0.025 0.025 0.01 0.01 0.005 50 1 0.1 - - - - - - - -

ANZECC triggers* 1.2 0.065 - - 0.15 0.08 0.04 - - - - 0.12-0.3 - - - 80-120 6.5-8.0 -

WQIP target** 1.0 0.1 - - - - - - - - - - - - - - - -

BRICKWORKS LAKE

BW1

26/02/2015 - - - - - - - - - - 0.28 0.56 Fresh 1.1 V. Low Ox. 13.2 6.98 24.7

22/07/2015 - - - - - - - - - - 0.38 0.77 Fresh 6.13 Mod. Ox 58.2 7.72 12.9

28/10/2015 - - - - - - - - - - - 0.81 Fresh 9.32 Well Ox. 99.2 7.87 18.2

9/12/2015 - - - - - - - - - - - 0.76 Fresh 3.65 V. Low Ox. 39.5 7.23 18.7

14/01/2016 - - - - - - - - - - - 0.42 Fresh 2.33 V. Low Ox. 26.2 7.15 20.9

BW2

22/07/2015 0.22 0.024 0.11 0.11 0.081 0.027 0.012 - - - 0.08 0.16 Fresh 4.93 Low Ox. 49.3 7.19 15.4

31/08/2015 0.51 0.031 - - - - - - - - - 0.07 Fresh 7.53 Mod. Ox 75.6 7.05 15.5

24/09/2015 0.2 0.011 - - - - - - - - - 0.36 Fresh 7.12 Mod. Ox 74.8 6.95 17.6

28/10/2015 0.38 0.028 0.29 0.29 0.061 0.028 0.009 - - - - 0.78 Fresh 0.46 V. Low Ox. 4.9 6.81 18.8

9/12/2015 0.27 0.033 - - - - - - - - - 0.29 Fresh 1.65 V. Low Ox. 18.6 6.89 21.0

14/01/2016 0.63 0.013 - - - - - - - - - 0.86 Fresh 0.31 V. Low Ox. 3.6 6.84 22.6

LAKE BUNGANA

BU1

5/03/2013 2.0 0.04 2.0 1.0 0.023 0.032 0.005 - - - 0.67 1.35 Marginal 4.03 Low Ox. 49.5 8.81 25.4

15/04/2013 2.2 0.047 2.1 0.95 0.015 0.17 <0.005 - - - 0.71 1.42 Marginal 6.61 Low Ox. 79.4 8.38 24.3

3/09/2014 - - - - - - - - - - 0.58 1.16 Marginal 10.01 Hyperoxic 108.3 8.49 19.0

7/11/2014 - - - - - - - - - - 0.58 1.16 Marginal 7.08 Mod. Ox 82.2 8.39 22.6

26/02/2015 - - - - - - - - - - 0.66 1.34 Marginal 6.71 Mod. Ox 85.8 8.66 27.9

22/07/2015 - - - - - - - - - - 0.6 1.19 Marginal 6.49 Mod. Ox 64 8.09 14.5

31/08/2015 - - - - - - - - - - - - - 12.61 Hyperoxic - - -

28/10/2015 - - - - - - - - - - - 1.2 Marginal 5.46 Low Ox. 62 8.60 21.7

9/12/2015 - - - - - - - - - - - 1.21 Marginal 5.88 Low Ox. 69.7 8.71 23

14/01/2016 - - - - - - - - - - - 1.3 Marginal 7.60 Mod. Ox 89.9 8.79 23.9

BU2

7/11/2014 1.1 0.022 - - - - - - - - 0.58 1.16 Marginal 7.76 Mod. Ox 89.2 8.66 22.1

26/02/2015 1.9 0.036 - - - - - - - - 0.67 1.35 Marginal 2.60 V. Low Ox. 32.7 7.75 26.9

22/07/2015 1.9 0.037 1.1 0.66 0.14 0.7 0.006 260 60 29 0.61 1.21 Marginal 6.72 Mod. Ox 65.9 8.09 14.3

31/08/2015 1.8 0.03 - - - - - - - - - 1.16 Marginal 6.41 Mod. Ox 129.3 8.63 16.4

24/09/2015 3.0 0.047 - - - - - - - - - 1.14 Marginal 10.83 Hyperoxic 115.9 8.71 17.8

28/10/2015 1.5 0.035 1.4 0.67 0.034 0.024 0.007 - - - - 1.18 Marginal 5.60 Low Ox. 63.8 8.69 21.4

9/12/2015 1.5 0.047 - - - - - - - - - 1.22 Marginal 7.59 Mod. Ox 88.9 8.75 23.3

14/01/2016 1.6 0.045 - - - - - - - - - 1.31 Marginal 5.82 Low Ox. 68.5 8.51 23.5

BU3

7/11/2014 - - - - - - - - - - 0.58 1.17 Marginal 8.71 Well Ox. 100.2 8.65 22.1

26/02/2015 - - - - - - - - - - 0.66 1.33 Marginal 7.64 Mod. Ox 97.8 8.75 27.9

22/07/2015 - - - - - - - - - - 0.63 1.25 Marginal 8.22 Well Ox. 80.9 8.18 14.4

28/10/2015 - - - - - - - - - - - 1.19 Marginal 7.70 Mod. Ox 88.7 8.73 21.7

9/12/2015 - - - - - - - - - - - 1.22 Marginal 8.20 Well Ox. 98.1 8.73 23.6

14/01/2016 - - - - - - - - - - - 1.30 Marginal 7.55 Mod. Ox 89.3 8.77 23.4

BU4

7/11/2014 - - - - - - - - - - 0.58 1.17 Marginal 6.8 Mod. Ox 78.8 8.56 22.5

26/02/2015 - - - - - - - - - - 0.64 1.29 Marginal 7.4 Mod. Ox 96.0 8.78 28.9

22/07/2015 - - - - - - - - - - 0.62 1.24 Marginal 8.62 Well Ox. 86.1 8.25 15.2

28/10/2015 - - - - - - - - - - - 0.97 Marginal 5.49 Low Ox. 65.6 8.65 24.2

9/12/2015 - - - - - - - - - - - 0.99 Marginal 6.04 Mod. Ox 72.8 8.65 24.3

14/01/2016 - - - - - - - - - - - 1.24 Marginal 10.25 Hyperoxic 129.2 8.89 25.9

NUTRIENTS - SEDIMENT PHYSICALNUTRIENTS - WATER



TN (mg/L) TP (mg/L) TON (mg/L) DON (mg/L) NOx-N (mg/L) NH3-N (mg/L) FRP (mg/L) TN (mg/kg) TP (mg/kg) Moisture (%) Salinity (ppt) EC (mS/cm) EC - DoW^ DO (mg/L) DO - DoW^ DO (%) pH Temp (°C)

Limit of Reporting 0.025 0.005 0.025 0.025 0.01 0.01 0.005 50 1 0.1 - - - - - - - -

ANZECC triggers* 1.2 0.065 - - 0.15 0.08 0.04 - - - - 0.12-0.3 - - - 80-120 6.5-8.0 -

WQIP target** 1.0 0.1 - - - - - - - - - - - - - - - -

NUTRIENTS - SEDIMENT PHYSICALNUTRIENTS - WATER

BU5

7/11/2014 1.2 0.027 - - - - - - - - 0.56 1.12 Marginal 6.19 Mod. Ox 71.1 8.39 22.1

26/02/2015 2.0 0.041 - - - - - - - - 0.67 1.36 Marginal 6.48 Mod. Ox 83.2 8.57 28.1

22/07/2015 1.3 0.16 0.59 0.29 0.49 0.17 0.016 - - - 0.43 0.87 Fresh 2.01 V. Low Ox. 20.9 6.91 17.2

31/08/2015 0.7 0.047 - - - - - - - - - 0.44 Fresh 6.41 Mod. Ox 65.8 6.98 16.5

24/09/2015 2.7 0.06 - - - - - - - - - 0.92 Fresh 5.46 Low Ox. 58.8 6.99 18.8

28/10/2015 1.7 0.087 0.53 0.43 1.0 0.19 0.029 - - - - 0.90 Fresh 1.62 V. Low Ox. 18.4 6.90 21.5

9/12/2015 1.2 0.079 - - - - - - - - - 0.95 Fresh 1.19 V. Low Ox. 13.9 6.93 23.4

14/01/2016 1.3 0.11 - - - - - - - - - 0.97 Marginal 0.73 V. Low Ox. 9.0 6.92 25.8

BU6

7/11/2014 1.2 0.031 - - - - - - - - 0.57 1.14 Marginal 7.10 Mod. Ox 81.3 8.48 21.9

26/02/2015 2.1 0.044 - - - - - - - - 0.73 1.46 Marginal 7.05 Mod. Ox 86.7 7.51 25.6

22/07/2015 1.2 0.035 0.47 0.32 0.54 0.23 0.006 330 52 28 0.43 0.87 Fresh 4.58 Low Ox. 47.0 7.63 16.5

31/08/2015 0.86 0.018 - - - - - - - - - 0.65 Fresh 7.16 Mod. Ox 74.0 7.48 16.8

24/09/2015 2.7 0.16 - - - - - - - - - 0.97 Marginal 5.33 Low Ox. 58.1 7.48 19.3

28/10/2015 1.5 0.041 1.4 0.7 0.081 0.064 <0.005 - - - - 1.18 Marginal 6.38 Mod. Ox 72.6 8.57 21.6

9/12/2015 1.5 0.056 - - - - - - - - - 1.19 Marginal 5.27 Low Ox. 62.2 8.58 23.3

14/01/2016 1.4 0.036 - - - - - - - - - 1.30 Marginal 3.69 V. Low Ox. 43.8 8.18 23.8

BU7

22/07/2015 - - - - - - - - - - 0.62 1.23 Marginal 7.39 Mod. Ox 72.6 8.12 14.4

31/08/2015 - - - - - - - - - - - 1.15 Marginal 11.88 Hyperoxic 121.3 8.66 16.0

24/09/2015 - - - - - - - - - - - 1.14 Marginal 11.99 Hyperoxic 125 8.68 17.1

28/10/2015 - - - - - - - - - - - 1.18 Marginal 5.97 Low Ox. 67.4 6.65 21.1

17/11/2015 - - - - - - - - - - - 1.21 Marginal 8.47 Well Ox. 107.9 8.81 27.2

9/12/2015 - - - - - - - - - - - 1.22 Marginal 7.57 Mod. Ox 89.5 8.75 22.9

14/01/2016 - - - - - - - - - - - 1.30 Marginal 7.43 Mod. Ox 86.9 8.71 23.5

LAKE BREALEY

BR1

7/11/2014 - - - - - - - - - - 1.49 2.86 Brackish 7.18 Mod. Ox 84.3 8.89 22.9

26/02/2015 - - - - - - - - - - 1.77 3.40 Brackish 7.13 Mod. Ox 92.4 9.09 28.3

22/07/2015 - - - - - - - - - - 1.62 3.09 Brackish 8.46 Well Ox. 84.0 8.91 14.6

28/10/2015 - - - - - - - - - - - 2.93 Brackish 7.01 Mod. Ox 80.3 8.88 22.2

9/12/2015 - - - - - - - - - - - 3.06 Brackish 6.15 Mod. Ox 73.4 8.98 23.8

14/01/2016 - - - - - - - - - - - 3.29 Brackish 5.92 Low Ox. 73.4 8.95 24.7

BR2

7/11/2014 - - - - - - - - - - 1.5 2.89 Brackish 7.93 Mod. Ox 92.8 8.92 22.7

26/02/2015 - - - - - - - - - - 1.77 3.40 Brackish 7.68 Mod. Ox 100.5 9.11 28.8

22/07/2015 - - - - - - - - - - 1.65 3.14 Brackish 6.71 Mod. Ox 67.5 8.86 15.2

28/10/2015 - - - - - - - - - - - 2.95 Brackish 8.81 Well Ox. 107.9 8.90 25.0

9/12/2015 - - - - - - - - - - - 3.07 Brackish 7.24 Mod. Ox 89.0 8.98 25.3

14/01/2016 - - - - - - - - - - - 3.26 Brackish 4.92 Low Ox. 60.2 8.93 25.2

BR3

7/11/2014 - - - - - - - - - - 1.34 2.59 Brackish 6.39 Mod. Ox 75.7 8.9 23.4

26/02/2015 - - - - - - - - - - 1.72 3.31 Brackish 6.92 Mod. Ox 91.5 9.11 29.5

22/07/2015 - - - - - - - - - - 1.49 2.86 Brackish 13.24 Hyperoxic 136.4 9.05 16.4

28/10/2015 - - - - - - - - - - - 2.54 Brackish 9.31 Well Ox. 108.1 8.95 22.3

9/12/2015 - - - - - - - - - - - 3.06 Brackish 10.41 Hyperoxic 122.3 9.07 22.9

14/01/2016 - - - - - - - - - - - 3.3 Brackish 7.54 Mod. Ox 94.7 8.99 27.1

BR4

7/11/2014 1.2 0.018 - - - - - - - - 1.46 2.82 Brackish 7.23 Mod. Ox 84.5 8.87 22.7

26/02/2015 1.4 0.018 - - - - - - - - 1.51 2.93 Brackish 5.65 Low Ox. 73.5 8.93 28.5

22/07/2015 1.4 0.026 0.46 0.32 0.82 0.073 0.008 - - - 0.54 1.081 Marginal 4.10 Low Ox. 42.6 7.28 17.1

31/08/2015 1.3 0.017 - - - - - - - - - 1.09 Marginal 6.00 Low Ox. 61.4 7.17 17.1

24/09/2015 3.0 0.034 - - - - - - - - - 1.29 Marginal 4.88 Low Ox. 52.1 7.22 18.4

28/10/2015 2.3 0.047 0.49 0.42 1.7 0.1 0.027 - - - - 0.81 Fresh 2.46 V. Low Ox. 27.8 7.27 21.5



TN (mg/L) TP (mg/L) TON (mg/L) DON (mg/L) NOx-N (mg/L) NH3-N (mg/L) FRP (mg/L) TN (mg/kg) TP (mg/kg) Moisture (%) Salinity (ppt) EC (mS/cm) EC - DoW^ DO (mg/L) DO - DoW^ DO (%) pH Temp (°C)

Limit of Reporting 0.025 0.005 0.025 0.025 0.01 0.01 0.005 50 1 0.1 - - - - - - - -

ANZECC triggers* 1.2 0.065 - - 0.15 0.08 0.04 - - - - 0.12-0.3 - - - 80-120 6.5-8.0 -

WQIP target** 1.0 0.1 - - - - - - - - - - - - - - - -

NUTRIENTS - SEDIMENT PHYSICALNUTRIENTS - WATER

9/12/2015 0.78 0.027 - - - - - - - - - 0.87 Fresh 1.35 V. Low Ox. 16.0 6.95 23.4

14/01/2016 1.3 0.025 - - - - - - - - - 3.04 Brackish 3.62 V. Low Ox. 44.4 8.8 25.1

BR5

7/11/2014 1.3 0.021 - - - - - - - - 1.5 2.89 Brackish 7.01 V. Low Ox. 82.1 8.9 22.8

26/02/2015 1.3 0.017 - - - - - - - - 1.77 3.40 Brackish 6.65 V. Low Ox. 86.2 9.12 28.3

22/07/2015 0.42 0.061 0.41 0.2 0.013 <0.01 0.008 110 33 17 0.11 0.23 Fresh 5.33 Low Ox. 54.4 7.46 16.3

31/08/2015 0.58 0.039 - - - - - - - - - 0.27 Fresh 7.85 Mod. Ox 79 7.59 15.6

24/09/2015 1.9 0.14 - - - - - - - - - 0.79 Fresh 5.73 Low Ox. 59.6 7.66 17

28/10/2015 1.7 0.1 0.78 0.65 0.73 0.14 0.05 - - - - 0.34 Fresh 3.24 V. Low Ox. 35.4 7.42 20

9/12/2015 1.5 0.037 - - - - - - - - - 2.94 Brackish 5.48 V. Low Ox. 63.9 8.81 22.5

BR6

7/11/2014 1.2 0.018 - - - - - - - - 1.5 2.89 Brackish 7.34 Mod. Ox 86.1 8.92 22.9

26/02/2015 1.4 0.019 - - - - - - - - 1.74 3.35 Brackish 7.45 Mod. Ox 97.9 9.11 29

22/07/2015 1.8 0.051 1.8 0.95 0.049 0.017 0.006 380 39 29 1.64 3.13 Brackish 10.97 Hyperoxic 110.1 8.95 15.1

31/08/2015 1.6 0.032 - - - - - - - - - 2.89 Brackish 11.75 Hyperoxic 119.6 8.89 16.5

24/09/2015 2.0 0.03 - - - - - - - - - 2.85 Brackish 11.05 Hyperoxic 119.3 8.93 18.7

28/10/2015 1.3 0.022 1.3 1.1 0.015 <0.01 <0.005 - - - - 2.92 Brackish 7.57 Mod. Ox 86.6 8.88 21.5

9/12/2015 1.5 0.022 - - - - - - - - - 3.07 Brackish 7.11 Mod. Ox 86.3 8.98 23.6

14/01/2016 1.6 0.015 - - - - - - - - - 3.28 Brackish 8.38 Well Ox. 103.4 8.98 25.5

BR7

7/11/2014 1.2 0.017 - - - - - - - - 1.49 2.88 Brackish 6.18 Mod. Ox 72.5 8.91 22.9

26/02/2015 1.3 0.019 - - - - - - - - 1.74 3.35 Brackish 7.29 Mod. Ox 94.8 9.1 28.5

22/07/2015 1.9 0.053 1.8 0.95 0.045 0.017 0.006 620 46 36 1.64 3.13 Brackish 12.22 Hyperoxic 123.7 8.99 15.5

31/08/2015 67 2.5 - - - - - - - - - 2.86 Brackish 9.47 Well Ox. 98 8.86 16.6

24/09/2015 7.9 0.27 - - - - - - - - - 2.62 Brackish 11.42 Hyperoxic 127 8.97 20.4

28/10/2015 1.4 0.023 1.4 1.1 <0.01 0.012 0.01 - - - - 2.11 Brackish 10.21 Hyperoxic 119.1 8.96 22.6

9/12/2015 1.6 0.026 - - - - - - - - - 3.05 Brackish 10.53 Hyperoxic 125 9.06 23.3

14/01/2016 1.5 0.009 - - - - - - - - - 3.01 Brackish 7.06 Mod. Ox 87.4 9.0 25.7

BR8

7/11/2014 1.2 0.015 - - - - - - - - 1.5 2.88 Brackish 7.15 Mod. Ox 84.7 8.93 23.4

26/02/2015 1.4 0.022 - - - - - - - - 1.76 3.38 Brackish 7.75 Mod. Ox 102.1 9.13 29.2

22/07/2015 2.4 0.081 2.4 0.95 0.035 0.014 <0.005 <50 8 28 1.63 3.11 Brackish 13.06 Hyperoxic 132.5 9.02 15.6

31/08/2015 87 0.84 - - - - - - - - - 1.91 Marginal 6.6 Mod. Ox 67.1 8.04 15.8

24/09/2015 4.9 0.12 - - - - - - - - - 2.82 Brackish 11.07 Hyperoxic 122.8 8.98 19.8

28/10/2015 1.4 0.025 1.4 1.0 <0.01 <0.01 0.006 - - - - 2.77 Brackish 9.36 Well Ox. 109.2 8.94 22.7

9/12/2015 1.6 0.026 - - - - - - - - - 3.05 Brackish 10.11 Hyperoxic 118.2 9.07 23.7

14/01/2016 1.6 0.014 - - - - - - - - - 3.18 Brackish 6.74 Mod. Ox 85 8.97 25.5

BR9

22/07/2015 - - - - - - - - - - 1.65 3.14 Brackish 8.05 Well Ox. 79.9 8.86 14.6

31/08/2015 - - - - - - - - - - - 2.88 Brackish 11.06 Hyperoxic 113.2 8.88 16.4

24/09/2015 - - - - - - - - - - - 2.85 Brackish 10.1 Hyperoxic 108.2 8.91 18.1

28/10/2015 - - - - - - - - - - - 2.94 Brackish 8.01 Well Ox. 93.8 8.87 22.9

17/11/2015 - - - - - - - - - - - 2.99 Brackish 9.85 Well Ox. 119.9 9.08 26.1

9/12/2015 - - - - - - - - - - - 3.06 Brackish 7.11 Mod. Ox 84.5 8.97 23.9

14/01/2016 - - - - - - - - - - - 3.29 Brackish 5.47 Low Ox. 67.2 8.93 25.1

*ANZECC & ARMCANZ (2000) freshwater quality guidelines - trigger levels for lowland rivers in South-west Australia. TN concentrations greater than 1.2 mg/L will be high-lighted orange. TP concentrations greater than 0.065 mg/L up to and equal to 0.1 mg/L will be high-lighted orange.

**Concentration targets for the Swan-Canning Rivers (Swan Canning Water Quality Improvement Plan (SRT, 2009)). TN concentrations greater than 1.0 mg/L up to and equal to 1.2 mg/L will be high-lighted purple. TP concentrations greater than 0.1 mg/L will be high-lighted purple.

^Dissolved Oxygen (DO)  & Electrical Condutctivity (EC) classifications based on DO (mg/L) & EC (mS/cm) concentrations - Department of Water Swan region water quality monitoring & evaluation reporting: http://atlases.water.wa.gov.au/idelve/srwqm/classification.html  
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Winter

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

2015 2015 2015 2015 2015 2015 2016 2016 2016 2016 2016 2016

Brickworks1 0 ND* ND* 0.01 ND* 0 0 ND* ND* 0 ND* ND*

Bungana 1 5.6 ND* ND* 7.05 ND* 4.91 56.03 ND* ND* 87.77 ND* ND*

Bungana 2 2.35 ND* ND* 5.08 ND* 7.15 49.7 ND* ND* 54.06 ND* ND*

Bungana 3 1.4 ND* ND* 5.59 ND* 2.07 40.88 ND* ND* 58 ND* ND*

Bungana 4 5.12 ND* ND* 9.69 ND* 20.41 66.67 ND* ND* 74.53 ND* ND*

Bungana 7 5.99 10.1 19.5 15.47 12.39 6.12 40.55 36.47 418.51^ 94.97 15.15 8.27

Brearley 1 0.54 ND* ND* 13.59 ND* 41.21 3.53 ND* ND* 273.01 ND* ND*

Brearley 2 2.4 ND* ND* 71.2 ND* 11.83 6.27 ND* ND* 11.01 ND* ND*

Brearley 3 255.77 ND* ND* 46.97 ND* 8.06 4.9 ND* ND* 17.04 ND* ND*

Brearley 4 3.15 ND* ND* 21.59 ND* 9.82 3.41 ND* ND* 38.37 ND* ND*

Brearley 9 1.36 2.94 6.94 13.69 33.01 19.34 2.93 2.00 2.15 9.78 14.01 10.77

* ND (no data)

^Original sample taken on 10th March 2016.  Site resampled on 15th March 2016 showig biovolume of Cylindrospermopsis decreased

 from X mm3/L to 57.51 mm3/L.

Red

Winter

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

2015 2015 2015 2015 2015 2015 2016 2016 2016 2016 2016 2016

Brickworks1 0 ND* ND* 0 ND* 0 0 ND* ND* 0 ND* ND*

Bungana 1 5.22 ND* ND* 0.35 ND* 0.07 52.83 ND* ND* 79.89 ND* ND*

Bungana 2 1.98 ND* ND* 1.19 ND* 0.32 45.93 ND* ND* 50.54 ND* ND*

Bungana 3 1.12 ND* ND* 2.42 ND* 0.89 37.25 ND* ND* 55.67 ND* ND*

Bungana 4 4.81 ND* ND* 4.8 ND* 5.59 63.04 ND* ND* 71.23 ND* ND*

Bungana 7 5.67 2.91 2.71 0 1.27 0 33.39 18.49 407.14 85.92 8.2 6.17

Brearley 1 0.54 ND* ND* 5.16 ND* 36.62 0.57 ND* ND* 271.08 ND* ND*

Brearley 2 2.4 ND* ND* 59.91 ND* 2.5 5.99 ND* ND* 10.67 ND* ND*

Brearley 3 252.1 ND* ND* 3.21 ND* 0.77 4.45 ND* ND* 15.27 ND* ND*

Brearley 4 3.14 ND* ND* 5.57 ND* 1.93 3.02 ND* ND* 35.84 ND* ND*

Brearley 9 1.12 2.91 5.58 10.22 21.11 5.22 0.54 0.10 1.71 8.2 10.13 7.16

* ND (no data)

Green 

Amber 

Red 

Total volume of known toxic algae species (mm
3
/L)

≤ 0.4 mm
3
/L

0.4 mm
3
/L to ≤ 4 mm

3
/L

≥ 4 mm
3
/L

Autumn

Autumn

(Includes all known toxic species and unknown species as a precaution)

Total volume of blue green algae (mm
3
/L) 

Total volume of known toxic algae species (mm
3
/L)

Total volume of blue green algae (mm
3
/L)

≥ 10 mm3/L or algal scum visually identified

Site
Winter Spring Summer

Site Winter Spring Summer
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APPENDIX 4 – MACROINVERTEBRATE SURVEY RESULTS 
(15/03/2016) 

 

  



Maylands Lakes Sampled 15th March 2016 (see last page for sample sites).  

Warm, sunny day, no rain. Each site was 'swept' 3 times for 10-15m and as many macroinvertebrates as possible were collected in 30mins.  

Scientific Name Common Name Photo Brickworks Bungana A 
(Hard Walled) 

Bungana B 
(Vegetated) 

Brearley A 
(Hard Walled) 

Brearley B 
(Vegetated) 

Palaemonetes australis  
 
 
 

Native Shrimp 
 
 
 
 
 

 
 

35  1 3 36 

Gambusia holbrooki 
 
 
 
 
 

Mosquito Fish  

15 5 17 3 4 

Hemiptera  
 
 
 
 
 

Water Boatman  

1 1   2 

Chironomidae Non biting midge 
larvae 
 
 
 
 

 

 4 2 7 9 

Trichoptera 
(2 species, long and short) 

      2 

Amphibia Tadpole 
 
 
 
 
 

 

  2   

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwimnsbe1cbLAhWCKJQKHc4vA-kQjRwIBw&url=http://www.zoologischemededelingen.nl/85/nr02/a01&psig=AFQjCNHSrPVQF7Ck-r3SItkBY3YmeHb59A&ust=1458267971012946
http://www.google.com.au/url?sa=i&rct=j&q=&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjE9KzS2MbLAhUTv5QKHV4dA50QjRwIBw&url=https://www.cals.ncsu.edu/course/ent425/spotID/Heteroptera/corixid.html&psig=AFQjCNH1Kw5Q35eAVTNOtJfHHLZuWDYLLg&ust=1458268770207975
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj9lsij2cbLAhWIipQKHRV-CQAQjRwIBw&url=http://www.cockburn.wa.gov.au/midges/about_m.html&psig=AFQjCNEomWn46_zf51E_9bP7Jn61ocp2Rw&ust=1458268936262642
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiPyP7e2sbLAhWCmZQKHcawC4IQjRwIBw&url=http://blogs.thatpetplace.com/thatreptileblog/2013/02/20/best-tadpole-foods-based-on-my-experiences-seeking-additional-suggestions/&psig=AFQjCNFjtHGjWkLA7rmXZnSAVP6womaU9Q&ust=1458269320073856


Scientific Name Common Name Photo Brickworks Bungana A 
(Hard Walled) 

Bungana B 
(Vegetated) 

Brearley A 
(Hard Walled) 

Brearley B 
(Vegetated) 

Hirudinea Leech 
 
 
 
 
 

 

2  30  
(2 big, 28 tiny)   

Zygoptera Damselfly Larvae 
 
 
 
 
 

 

15  5   

Odonata  Dragonfly Nymph 
 
 
 
 
 

 

4 1    

Gastropoda Mollusc Species 1 
(white snail, 
rounded) 
 
 
 

 2  8 1 1 

Gastropoda Mollusc Species 2  
(pouch snail?)  
(fluke snail?) 
(tadpole snail?) 
 
 

 

  3 2  

Gastropoda Mollusc Species 3 
(Gilled snail?) 
 
 
 
 

 

 124 73   

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwimjOXj28bLAhUBSJQKHcs5CFAQjRwIBw&url=http://news.berkeley.edu/2012/12/19/what-do-leeches-limpets-and-worms-have-in-common/&bvm=bv.117218890,d.dGo&psig=AFQjCNHS9u2o_IvLINg-GpeSKl7qkjDGqQ&ust=1458269606846861
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj4speU3cbLAhXJLpQKHWseAAwQjRwIBw&url=http://www.ecospark.ca/changingcurrents/damselfly&psig=AFQjCNEVVTRfxx9lAnHdtPWh8aexCoOKsQ&ust=1458269786617529
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjmqLS13cbLAhUJopQKHRJ6DGAQjRwIBw&url=http://www.flycraftangling.com/index.asp?p%3D128&psig=AFQjCNGWUV2zxlRzk3xnblRxiv1-ph-DLA&ust=1458270023895349
https://sites.google.com/a/parishepiscopal.org/stream-investigation-field-guidea3/macroinvertebrates-7th/pollution-tolerant-benthic-macroinvertebrates/pouch snail.jpg?attredirects=0
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjb9fmE6cbLAhUFnJQKHb8FDMQQjRwIBw&url=http://www.aquariumlife.com.au/showthread.php/12086-Two-Different-Cone-Snails-(pictures)&psig=AFQjCNFG2Lw-Kt35_3uN6XwZlYMzkNeCbQ&ust=1458273122279900


Scientific Name Common Name Photo Brickworks Bungana A 
(Hard Walled) 

Bungana B 
(Vegetated) 

Brearley A 
(Hard Walled) 

Brearley B 
(Vegetated) 

Gastropoda Mollusc Species 4 
(brown snail, 
rounded- similar to 
sp 1) 
 
 
 
 

 

 11 13   

 

  



Sites Samples 

 

Brickworks (both sites amalgamated) 

Bungana B Bungana A 

Brearley B 

Brearley A 



Lake Bungana, Lake Brearley & Brickworks Lake, Maylands – Stage 2 report 

 - 45 - August 2016 

APPENDIX 5 – POTENTIAL FUNDING 

Funding for natural resource management activities is available to local government and 

environmental action groups (such as the Friends of Maylands Lakes) through the State Natural 

Resource Management (NRM) grants program.  Costs of recommended management works 

between $5,000 to $55,000 may be subsidised through successful grant applications in 2016-

2017.  Further information may be found at: 

http://www.nrm.wa.gov.au/grants/state-nrm-program.aspx 

Additional funding for management works may also be available through the Swan Alcoa 

Landcare Program (SALP).  SALP is a Community Landcare Grants Program funded by Alcoa of 

Australia and Department of Parks and Wildlife (Parks & Wildlife). 

SALP aims to protect, restore and manage natural assets with consideration to a broad 

ecological context, by funding the community to enhance and restore critical habitat and 

ecological linkages within the Swan Region. 

The key objectives of the program are: 

• to retain or restore habitats in our river, wetland and coastal foreshores and our 

bushland 

• to protect and enhance the quality of ground water and surface water in our river 

systems and wetlands 

• to improve ecological linkages across our region 

Further information may be found at: 

http://www.perthregionnrm.com/perth-nrm-programs/salp/funding-information.aspx 
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